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PREFACE.  •  * 

V 

Mt  ctgecty  in  writing  diefoUowing  pages,  hnbeen  toprcMatt 
ID  die  Scttdmt  of  Mtfcuciocy  in  clementaiy  woiie  op  Ch^mistty, 
IB  vUch  the  more  importnit  bearingt  of  uie  scieoce  oa  Iw  pio- 
fcHiOB  miglit  oonttandj  be  kepi  before  his  view. 

To  answer  dus  pardcular  intendoo  of  die  work,  I  have  givea 
mfoDer  consideration  to  those  paru  of  the  science,  wluch  haTO 
aone  direct  relation  or  ap|dication  to  Medicine.  Thus,  when- 
eter  I  eooie  to  treat,  in  pursuing  the-  s<pientific  order  of  the 
work,  of  aiqr  particular  chemical  substance,  which  conad- 
toies  a  part  of  the  materia  medica,  I  have  uniformtv  given  its 
idiitaaoentical  preraradon,  and  taken  some  notice  of  its  medi- 
doal  lauperdey.  When  the  aubject  of  Tegetahlea  is  taken  upi 
I  hife  coirticnted  mjrself  with  giring  a  rapid  view  of  their 
piwuaale  oonstitueatoi  dwelling  more  particiilaijiy  on  those, 
which  Gonsdtote  .the  acdve  principles  <n  the  asore  powerful 
fcgefsble  mecUcines,  such  as  emccio,  morphia,  strychnin,  lie* 
M  en  those,  which  are  the  chief  ingredients  in  nutritious 
veiettUe  matter,  as  sugar,  starch,  gluten,  &c 

lo  pawing  finom  the  consideration  of  vegetable  to  animal  mat- 
ter, Ae  principal  intention  of  the  work  is  still  kept  in  view* 
Aidmal  chemistry  generidly,  and  in  its  particular  application  to 
the  human  body,  is  essential  to  be  known  by  the  student  of  me- 
dicine. This  part  of  the  subject  is  first  treated  of  generally,  and 
afterwards  with  particular  reference  to  the  chemical  nature  of  the 
vmous  parts  of  the  human  structure.  The  apimal  functions,  which 
are  elucidated  by  chemistry,  such  as  respiration,  assimilation, 
and  secretion,  are  next  cursorily  noticed. 

Such,  then,  is  the  plan,  upon  which  the  present  work  has  been 
conducted,  to  fit  it  for  the  use  of  diose,  who  study  chemistry 
with  a  view  to  medicine.  These  explanations  being  premised,  it 
is  next  proper  to  say  something  of  the  general  arrangement  of 
the  work,  without  reference  to  its  use  by  any  particular  class  of 
readers. 

As  is  most  usual  in  chemical  works,  I  have  first  treated  of 
the  science  of  chemistry,  stricdy  so  called,  and  afterwards  ap- 
plied the  knowledge,  thus  i^orded,  in  ascertaining  the  chemical 
properties  of  matter  in  its  complex  forms,  as  it  occurs  most 
generally  in  nature.  . 

The  scimce  of  chemistry  commences  with  the  consideration 
of  matter,  and  is  completed  with  a  short  account  of  the  general 
principles,  upon  which  chemical  actions  occur.  In  treating  of 
matter,  contrary  to  the  common  usage,  I  have  commenced  with 
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its  ponderable  forms,  and  afterwards  taken  up  the  consideration 
of  imponderable  matter.  In  pursuing  this  course,  I  have  been 
influenced  by  the  general  principle,  that,  in  works  intended  to 
convey  elementary  information,  it  is  proper  to  proceed,  as  far 
as  practicable,  from  the  easy  to  the  more  difficult  parts  of  the 
subject,  f  have  considered  the  attractions,  with  which  chemistry 
is  concerned,  after  matter,  since  al^that  can  be  said  upon  this 
subject  must  be  the  result  of  the  generalisation  of  chemical  facts. 
To  have  pursued  a  contrary  order,  would  have  been  to  disre- 
gard the  fundamental  principle  of  proceeding  from  the  known 
to  the  unknown. 

In  treating  of  ponderable  matter,  those  forms  of  it,  which 
have  as  yet  resisted  the  efforts  of  analysis,  are  first  considered, 
Under  the  title  of  undecompounded  bodies.  I  have  adopted  the 
term,  undecompounded^  from  Sir  H.  Davy,  and  have  uniformly 
used  it  in  place  of  the  word  simple^  oh  account  of  its  expressing, 
with  precision,  the  idea  intended  to  be  conveyed. 

In  arranging  the  undecompounded  ponderable  bodies,  I  have 
adopted  Dr.  Thomson's  primaty  divisions,  of  supporters  of 
combustion,  incombustibles,  and  combustibles.  In  treating  of  the 
combustibles,  however,  I  have  deviated  somewhat  from  the  ar- 
tatigement  of  this  chemist,  by  adding  a  class  of  acidifying  com- 
bustibles, and  in  giving  a  peculiar  meaning  to  the  epithet  inter- 
mediate^  as  applied  to  these  bodies.  The  reasons,  which  have 
influenced  ine  in  adopting  these  modifications,  have  been  fully 
given  in  the  chapter,  explaining  the  arrangement  of  the  undecom- 
pounded bodies.  It  may  be  proper,  however,  to  mention  in  this 
place,  that  I  have  ventured  to  propose  thb  epithet  basifiahle^  to 
designate  the  combustible  radicals  of  salifiable  bases.  I  have  found 
this  word  so  useful  on  many  occasions  in  the  progress  of  the  work, 
that  I  have  been  induced  to  hope,  it  will  not  be  deemed  an  inju- 
dicious suggestion. 

Immediately  after  the  undecompounded  bodies,  I  have  thought 
it  most  adviseable  to  notice  the  atomic  theory.  I  could  not  speak 
of  it  sooner  with  any  prospect  of  making  myself  intelligible,  and 
to  delay  it  for  insertion  in  the  latter  part  of  the  work,  would 
have  been  to  lose  the  advantage  of  its  application.  After  this 
theory  has  been  laid  before  the  reader,  all  analy  ses^  as  far  as  practi- 
cable, are  given  atomically.  Those,  however,  which  had  been  pre- 
viously given,  are  expressed  in  numbers,  adjusted  in  accordance 
with  the theoiT*  The  plan  of  Mr.  Dalton,  of  assumingthe  weight 
of  the  atom  of  hydrogen  as  unity,  has  been  adopted.  The  weights 
of  the  atoms  of  all  the  other  chemical  substances  are  greater 
than  the  weight  of  the  atom  of  this  body,  and,  at  the  same  time, 
exact  multiples  of  it.  In  having  pursued  this  plan,  therefore, 
the  Advantage  has  been  gained  of  avoiding  fractions  in  the  cqui- 
\*alent  numbers  of  the  different  chemical  substances. 
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The  compound  ponderable  bodies  are  considered  under  the 
ftrar  heads  of  salifiable  bases,  acids,  salts,  and  unsallfiable  com- 
pounds. The  expression,  salifiable  base,  as  applicable  to  those 
txxlies,  which  form,  with  acids,  neutral  compounds,  for  the  most 
part  crjrstalHzable  and  soluble,  is  sanctioned  by  the  usage  of  the 
best  chemical  writers  of  the  present  day,  and  may  now  be  consi- 
dered as  constituting  a  part  of  the  scientific  language  of  che- 
mistry. This  mode  of  appellation,  I  have  adopted  without  hesi- 
tation, but  I  have  not  followed  the  usual  nomenclature  of  the 
divisions  of  the  salifiable  bases.  Thus  1  have  used  the  expres- 
sion of  alkaUne  salifiable  bases^  to  designate  the  compounds, 
usually  distinguished  by  the  separate  appellations  of  alkalies, 
and  alkaline  earths,  retaining  no  division  corresponding  to  the 
latter.  To  the  bodies,  usually  called  earths,  I  have  assigned  the 
name  of  earthy  salifiable  bases^  and  to  the  compounds,  which 
are  generally  denominated  metallic  oxides,  I  have  applied  the 
expression  of  salifiable  bases^  not  alkaline  or  earthy, 

TThe  arrangement  of  the  acids  into  five  classes  has  been  found- 
ed upon  the  relations  of  their  various  bases  to  oxygen  and  hy- 
dro^, which  bodies  are  considered  as  acidifying  principles. 
This  arrangement  is  entirely  artificial,  and  has  no  other  purpose 
than  that  of  suggesting  the  composition  of  the  different  acid  bo- 
dies. An  account  of  the  principles,  which  govern  it,  has  been 
given  in  a  separate  chapter  in  the  body  of  the  work. 

In  treating  of  the  salts,  I  have  thrown  them  into  as  many 
classes,  as  there  are  salifiable  bases,  formed  from  distinct  radicals. 
If  I  had  adhered  to  uniformity  in  the  arrangement  of  these  com- 
pounds, perhaps  I  should  have  considered  them  in  as  many  sets, 
as  there  are  salifiable  bases  themselves.  By  doing  so,  however, 
I  should  have  separated  salts,  which  stand  more  naturally  toge- 
ther. For  example,  I  should  have  had  a  class  of  salts,  formed 
from  the  protoxide  of  iron,  and  another  class,  formed  from  the 
peroxide;  but  as  the  salifiable  bases,  present  in  these  salts,  have 
a  common  radical,  they  could  not  be  considered  with  advantage 
separately.  In  distinguishing  the  different  classes  of  salts,  I  have 
never  employed  the  name  of  the  radical,  which  may  furnish  the 
salifiable  base  or  bases,  present  in  them.  Hence  it  is,  that,  in 
the  following  work,  the  expressions,  salts  of  iron,  salts  of  lead, 
salts  of  mercury,  &c.  never  occur.  When  the  chemist  speaks  of 
the  salts  of  potash,  the  expression  is  strictly  correct,  and  desig- 
nates all  those  salts,  in  which  potash  is  present  as  a  salifiable  base. 
When,  however,  he  speaks  of  the  salts  of  iron,  the  mode  of  ex- 
pression is  devoid  of  the  same  precision,  and  distinguishes  the 
salts,  formed  from  those  salifiable  bases,  which  contain  iron  as 
their  radical.  In  strict  propriety,  it  is  as  incorrect  to  speak  of  a 
salt  of  iron,  as  it  would  be  to  speak  of  a  suit  of  sodium  or  a  salt 
of  potassium. 
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This  want  of  uniformity  in  the  nomenclature  of  salts,  how- 
ever trifling,  in  its  influence,  it  may  be  considered  by  the  initiated 
chemist,  is  nevertheless  a.  source  of  considerable  embarrassment 
to  the  student,  who  undertakes  a  course  of  elementary  studies 
in  chemistry  for  the  first  time« 

Acting  under  the  conviction,  therefore,  that  the  mere  student 
in  chemistry  might  be  misled  from  the  influence*  of  this  errone- 
ous mode  of  nomenclature,  I  have  endeavoured  to  overcome 
the  difficulty  by  adopting  a  new  plan  for  designating  the  classes 
of  salts,  usually  distinguished  by  the  names  of  the  radicals  of 
the  salifiable  bases  present  in  them.  For  example,  I  have  appro- 
priated, to  the  salts  formed  from  the  protoxide  and  peroxide  of 
iron,  the  title  of  salts  of  oxidized  iron,  instead  of  the  usual  one, 
of  salts  of  iron.  The  expression,  oxidized  iron,  when  thus  em- 
ployed, may  be  viewed  as  a  generic  one,  including  under  its 
meaning  the  two  distinct  oxides  of  iron.  When,  however,  this 
mode  of  expression  is  used  to  distinguish  salts,  formed  from 
salifiable  bases,  whose  radicals  furnish  but  one  of  these  com- 
pounds respectively,  it  should  be  viewed  merely  as  a  more  con- 
cise appellation,  than  the  adoption  of  the  name  of  the  salifiable 
base  itself  would  furnish.  Thus,  although  the  expression,  salts 
of  the  oxide  of  silver^  is  equally  correct  with  that  of  salts  ofoxi" 
dized  silver^  yet  the  latter  is  always  preferred. 

Although  I  have,  in  the  manner  just  explained,  deviated  from 
the  usual  methods  of  distinguishing  particular  classes  of  salts,  I 
have  not  ventured  to  make  corresponding  deviations  from  the 
usual  nomenclature  of  the  salts  themselves. 

I  have  been  thus  particular  in  explaining  the  peculiar  mode, 
which  has  been  adopted  in  naming  certain  classes  of  the  salts,  as 
explanations  on  the  point  were  inadvertently  omitted  in  the 
body  of  the  work. 

The  fourth  division  of  compound  ponderable  bodies  has  for 
its  title,  unsalifiable  compounds.  Under  this  head,  I  have  ar- 
ranged several  important  substances,  which  could  not  stand 
with  propriety  in  the  other  divisions  of  the  compound  bodies. 
The  epithet  unsalifiable,  as  here  applied,  although  not  altogether 
unexceptionable,  is  more  appropriate  than  any  other  which  has 
occurred  to  me. 

Having  finished  the  account  of  ponderable  matter,  I  proceed 
to  consider  the  imponderable  bodies.  Light  and  heat  are  the 
only  ones  considered.  Light  occupies  but  very  little  attention, 
as  not  being  a  legitimate  object  of  chemical  investigation.  Heat, 
however,  is  treated  of  much  more  fully,  and,  in  some  respects, 
in  an  original  manner. 

According  to  the  arrangement,  which  I  have  adopted,  the 
general  principles  of  chemical  action  are  next  considered.  Up- 
on this  subject,  very  little  has  been  said;  but,  perhaps,  as  much 


^KClUB  been  devoted  to  (he  xubjict,  as  couM  with  proprict)' 
be  appropriated  lo  it,  without  .swelling  the  work  to  nn  inconvc- 
niem  sizc^,  or  excluding  mutter  of  practical  importance. 

Id  '^  second  part  of  the  work,  the  application  of  the  science 
of  chemislry  is  not  made  to  the  cxnininntioD  of  all  the  depart* 
mems  of  nature.  Mineralogy  is  too  extensive  a  science,  and  too 
icmotelv  connected  with  (hr  more  immediate  object  of  the  work, 
to  have  pcrmiled  its  introduction  with  any  pronpect  of  advnn- 
ta^.  I  hai'e,  therefore,  entirely  omitted  ativ  chemical  examinii' 
UOD  of  minerals.  The  cheiTListry  of  vegelaMe  and  animal  tiiib- 
ttances,  however,  is  given,  and  treated  of  in  the  partial  manner, 
ai  already  explained. 

While  on  the  subject  of  the  second  part  of  the  work,  I  ought 
(omention,  that  I  have  commenced  it  with  the  chemical  actnunt 
td  the  atmosphere  and  water.  Pt.rh»ps  these  subjects  should, 
more  properly,  have  had  a  plate  in  the  Jirst  pari;  but  I  was 
unable  to  assign  to  them  an)  position  in  this  part,  where 
they  could  stand  with  even  tolerable  propriety. 

The  chemical  nomenclature  of  the  present  work  difl^rs,  in 
many  respects,  from  that  in  general  use,  and  is  sometimes  indeed 
peculiar  to  tnyself.  Whatever  may  be  the  defects  oi  the  one, 
which  I  have  adopted,  I  have,  at  least,  avoided  the  error  of  re* 
commending  oni.  plan  of  nomenclature,  and  adopting  another  in 
chemical  descriptions-  It  is  ctrtatnly  due  from  the  sincerity  of 
a  chemical  writer,  that  he  should  be  the  first  to  adopt  the  alte- 
ntjoni,  which  he  may  suggeat.  I  have  adopted  a  system  of  che- 
mical term,  from  various  sources,  without  regard  to  their  being 
the  oDca  in  current  use,  under  the  impression,  that  it  waa  the 
mmt  appropriate,  which  could  be  used,  in  the  preaent  state  of 
the  science.  This  system  of  terms,  I  have  uniformly  adhered 
ti>  in  chemical  descriptions.  With  regard  to  the  names  adopted, 
winch  are  not  in  current  use  in  this  country,  I  feel  very  deai- 
TDua  that  Bonte  of  them  should  get  into  genenl  use.  I  here  allude 
particularly  to  the  chemical  names,  invented  by  Gay-Lussac, 
v£  hydrochloric  acid  and  hydrocyanic  acid,  instead  of  dte 
tunal  ones  of  muriatic  acid  and  prussic  acid.  About  the  fate 
of  the  names,  which  I  have  myself  proposed,  I  feel  little  so- 
licitous. I  have,  however,  been  unwilling,  that  what  mi^t 
otherwise  be  useful,  should  be  less  ao,  in  consequence  of  my 
iDDOvationi;  and,  accordingly,  I  have  always  introduced  the 
current  names  (in  parentheses)  in  explanation  of  the  new  names. 
Sboiild,  therefore,  my  suggestions  in  nomenclature,  after  being 
sttbroittcd  to  candid  criticism,  be  deemed  injudicious,  the  com- 
prehension of  the  facts,  detailed  in  the  work,  will  not  be  the 
less  easy,  from  their  having  been  proposed.  I  have  made  a  similar 
use  of  current  names,  in  explanation  of  all  parts  of  the  nomen- 
dttore  adopted,  wlucb  luc  not  in  fanuUar  use. 


▼iii  PREFACE. 

To  this  general  account  of  the  work,  it  is  proper  to  add,  that 
tables  have  been  given  of  the  more  important  chemical  sub- 
stances. This  plan  has  been  pursued  with  regard  to  all  the  un- 
decompounded  bodies,  and  also  with  regard  to  the  anti^able 
bases  and  acids.  These  tables,  I  permit  myself  to  believe,  will 
be  found  useful  to  the  student  of  chemistry,  as  well  by  re- 
capitulating the  information  contained  in  the  text,  as  by  present- 
ing interesting  comparative  views  of  the  properties  of  the  differ- 
'ent  sets  of  chemical  bodies.  I  have  also  given  a  view  of  the 
classification  pursued  of  the  undecompounded  and  compound 
bodies,  in  the  tabular  form. 

It  is  proper,  before  closing  this  preface,  that  I  should  say 
something  on  the  subject  of  the  sources,  from  which  the  present 
work  has  been  compiled.  The  great  mass  of  my  materials  have 
been  derived  from  the  fifth  edition  of  Dr.  Thomson's  system, 
published  in  1817*  This  work  is  the  most  comprehensive  one 
on  chemistry  in  the  English  language,  and  contains  an  abstract 
of  every  thing  of  importance,  which  has  been  done  in  the  sci- 
ence. In  preparing  the  chemical  part  of  the  present  work,  I  have 
availed  myself  of  the  information  contained  in  this  system,  as 
far  as  it  was  applicable  to  my  purpose.  Whenever  I  have  found 
it  silent  or  unsatisfactory  on  any  particular  point,  I  have  sought 
for  information  elsewhere,  and  principally  in  Accum's  and  Da- 
vy's wotks,  and  Nicholson's  Chemical  Dictionary.  Occasionally, 
•I  have  consulted  Coxe's  edition  of  Henry's  Chemistry.  For  the 
pharmaceutical  chemistry,  and  for  the  notices  of  the  medicinal 
.properties  of  the  various  chemical  preparations,  I  am  indebted 
almost  exclusively  to  Coxe's  Dispensatory.  In  compiling  the 
department  of  the  work,  devoted  to  the  chemistry  of  animals,  I 
have  occasionally  derived  my  facts  from  Johnson's  Animal 
Chemistry. 

While  I  have  thus  compiled  the  work  from  the  most  approved 
systems  of  the  day,  I  have  not  been  unmindful,  that,  meaawhile, 
the  science,  of  which  I  was  treating,  was  in  a  progressive  course 
of  improvement.  In  order,  therefore,  that  it  might  contain  all 
important  discoveries,  up  to  the  present  time,  I  have  consulted 
the  periodical  journals  on  chemistry.  From  these  sources,  I 
have  derived  the  facts,  contained  in  the  sections  on  selenium 
and  its  acid  compounds,  on  cadmium,  wodanium,  lithia  and 
thorina,  on  the  purpuric  and  sorbic  acids,  .and  on  strychnin;  and 
also  the  notices,  which  I  have  given,  of  die  discoveries  of  The- 
.nard,  on  the  oxidizement  of  water  and  the  acids.  In  all  these 
capes,  the  authority  is  quoted  at  the  foot  of  the  page. 

Jfwmber,  1819. 
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SYSTEM  OF  CHEMISTRY 


Tom 


STUDENTS  OF  MEDICINE. 


It  15  proposed,  in  the  present  work,  to  take  such  a  view  of  Pbui  of  the 
the  science  of  Chemistry,  as  will  mark,  more  particularly,  its  ^^^' 
nomerous  relations  to  that  of  Medicine.  Accordingly,  while 
the  whole  ground  which  the  science  embraces  will  be  gone 
ovec,  so  as  to  make  the  work  complete  in  itself;  those  par- 
ticular  portions  of  it  only,  the  knowledge  of  which  is  abso- 
lutely essential  to  the  formation  of  a  medical  education, 
will  be  particularly  dilated  upon,  and  the  practical  details 
connected  with  them  carefully  noted. 

In  a  complete  system  of  chemistry,  the  subject  naturally  wiiat  a 
divides  itself   into   two  parts:   one  in  which  the   science,  *^^*"'i'**^^^ 
stricdy  so  called,  is  detailed;  the  other,  in  which  all  the  braces, 
substances  in  nature,  within  the  reach  of  the  chemist,  are 
examined,   and  the  facts   connected   with  them   recorded: 
this  second  part  of  the  subject  has  been  very  properly  called 
a  chemical  examination  of  nature. 

But  in  the  present  work,  this  arrangement  will  be  con- In  what  the 
sidcrably  modified.  In  the  first  part,  the  science  of  chemistry,  {^i* ^"'^^^ 
prop'  rly  so  called,  will  be  given  complete;  but  many  sub-  com|.icte 
stances,  which  have  no  particular  interest  for  those  studvinc:  ^^''^»  **'*^ 
or  practising  medicine,  will  be  but  cursorily  noticed;  while  of  ii,e  dif- 
of  others,  such  as  of  many  of  the  salts,  metals,  acids,  &c.  fercncc. 
substances  which  constitute  important  parts  of  the  materia 
mcdica,   the   chemical   history   will   be   more   fully   given. 
In  the  second  part,  instead  of  taking  a  vif  w  of  the  whole 
of  nature,   a   chemical  examination   will   be   made  of  the 
atmosphere  and  waters  of  the  globe,  and  of  vegetable  and 
animal  substances  generally,  closing  with  a  particular  ac- 
count of  the  animal  chemistrv  of  the  human  body. 

"A   ■ 
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PART  I. 


SCIENCE  OF  CHEMISTRY. 


With  what  1  HE  science  of  chemistry  is  concerned  in  noticing  those 
pheoomeoa  actions  of  matter  upon  matter,  which  take  place  at  insensible 
of  ^ehemu-  distances.  This  branch  of  knowledge  may  be  very  naturally 
t»y»«<»n-  divided  into  two  parts;  the  first  giving  a  history  of  the 
^™  '  changes  produced  upon  bodies,  as  consequences  of  theae 
actions;  and  the  second,  detailing  the  laws  by  which  the 
Diviaion  of^^^'^"^  themselves  are  regulated.  The  first  part  may  be 
thb  part  of  called  a  chemical  account  of  bodies:  die  secona  treats  oil  die 
the  auhjeet  attraction  of  aggregation  and  chemical  affinity. 

The  various  bodies  which  are  presented  to  the  observation 
of  the  chemist  diflper  in  a  certain  particular,  which  makes  it 
convenient  to  describe  them  in  two  distinct  sets.  One  set 
are  capable  of  being  estimated  by  weight;  the  other  set, 
comprising  light  and  heat,  are  imponderable.  The  latter, 
having  many  common  properties,  are  described  with  great 
propriety  by  themselves;  and  being  more  difficult  to  undei^* 
stand  than  the  ponderable  bodies,  it  is  proper  to  postpone 
thf  ir  consideration  until  the  substances  which  may  be  es- 
timated  by  weight  have  been  disposed  of. 

Agreeable  then  to  the  foregoing  view  of  the  subject,  tht 
science  of  chemistry,  properly  so  called,  will  be  treated  of 
under  the  three  following  heads,  forming  the  subjects  of  as 
many  books: 

I.  Ponderable  bodies, 

II.  Imponderable  bodies, 

III.  The   general  properties  of  matter  upon  which 

chemical  changes  depend. 
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BOOK  I. 

OF  PONDERABLE  BODIES. 

All  the  bodies  which  are  included  under  this  title  may   Book  i. 
be  separated  into   certain   constituents,  which  resist   the  PondenUe 
eflbrtt  of  further  analysis*  Although  it  is  demonstrable  that  ^^oditt 
simple  substances  must  exist  in  the  nature  of  things;  yet  it 
is  by  no  means  certain,  that  those  at  present  undecompound- 
ed  are  really  simple.  In  fact  the  large  number  of  such  bodies, 
at  present  reckoned  by  chemists,  is  rather  unfavourable  to 
the  opinion.   These  constituents,  therefore,  of  ponderable 
bodies  will  be  denominated  undecompounded  bodies;  the 
q)idiet  imdecompaunded  expressing  the  bare  fact  only  that 
soch  bodies  have  never  been  resolved  into  simpler  consti- 
tneDts-^Now  all  the  ponderable  bodies  must  be  either  unde-  m  either 
ooapounded^  or  bodies  known  to  be  compound.  Accordingly,  ^^^^' 
on  dbb  basis,  the  ponderable  bodies  will  be  arranged  into  two  or  known 
sets  under  Ac  tide  of  divisions;  namely,  ^  be  eom- 

!•  Undecompounded  ponderable  bodies.  ^^""^  ' 

2«  Compound  ponderable  bodies. 


DIVISION  I. 

OF  UNDECOMPOUNDED  PONDERABLE  BODIES. 

In  conformity  with  Dr.  Thomson's  arrangement,  these  Division  of 
bodies  will  be  divided  into  '.^"pStd- 

1.  Supporters  of  combustion,  ed  ponder- 

2.  Incombustibles,  »*»^«  »»^»^« 

3.  Combustibles. 

The  substances  arranged  under  each  of  these  heads,  will 
be  treated  of  in  the  three  following  chapters. 

After  the  consideration  of  the  undecompounded  pondera- 
ble bodies  has  been  thus  completed,  the  arrangement  of 
them  which  has  been  adopted  will  be  explained  and 
illustrated;  and  then  the  theory  of  definite  proportions  in 
chemical  combination,  and  the  atomic  theory,  will  be 
noticed.  These  two  subjects  will  be  given  in  a  fourth  and 
fifth  chapter,  as  they  will  form  a  very  proper  sequel  to  the 
chapters  employed  in  describing  the  chemical  bodies  in- 
cluded in  the  present  division. 


4  UNDECOMPOUNDED  SUPPORTERS. 

Book  I. 
Division  I. 

CHAPTER  L 

OF  UNDECOMPOUNDED  SUPPORTERS  OP  COMBUSTION. 

Term  mp-  The  term  supporter  is  applied  to  those  bodies,  whoie 
^'*Ll*'  P^^sence  is  absolutely  necessary  in  every  case  of  combus- 
^  "^  tion:  the  undecompounded  supporters  are  those  bodies  ot 

this  kind  which  have  never  been  decomposed. 

The  undecompounded  supporters  are  reckoned  as  thre<; 

they  are  the  following: 

1.  Oxygen, 

2.  Chlorine, 

3.  Iodine. 

The  substance  called  fluorine  is  supposed  to  have  most 
of  the  properties  of  an  undecompounded  supporter*  But  its 
title  to  a  place>  in  this  class  of  chemical  bodies  is  founded, 
for  the  most  part,  upon  analogical  reasonings;  and  until  its 
real  nature  is  more  accurately  developed,  it  is  better,  with- 
out classing  it,  to  describe  its  properties,  as  far  as  they  are 
known,  at  the  end  of  the  present  chapter. 

The  supporters  above  enumerated  will  constitute  the  sub- 
jects of  the  three  following  sections. 


SECTION  I. 

OF   OXYGEN^    GAS. 

DepfUogisUctUed  Air  of  PriecUey. 

Method  of     !•  Oxygen  gas  may  be  obtained  by  the  following  process: 

^tainbg     Put  into  a  flask  a  quantity  of  the  black  oxide  of  manganesef, 

xygen.     ^  substance  to  be  described  hereafter,  and  pour  upon  it 

a  portion  of  oil  of  vitriol,  suflicient  to  form  it  into  a  thin 

paste.  Fit  to  its  mouth  a  glass  tube,  bent  in  the  shape  of  the 

*  From  o^tirwc  aciditj,  and  ytywfuu  to  generate. 

t  ll  is  inip<»»ible,  from  the  n«turc  d'  the  science  of  Chcroistr^',  to  commenee 
with  an*  part  ol'it,  so  comnleteK  elemenUi-y,  as  not  to  require  the  introduction 
of  other  parts  to  akl  in  explanation.  From  thin  fMct,  it  becomes  necessary,  at  the 
very  threshojd  of  the  work,  to  inlroiiuce  BubKtnnocs  to  the  notice  of  the  reader, 
of  which  he  isprfstimcl  to  have  no  knowledge.  This  being  an  inevitable  diffi- 
ealty,  the  reader  is  advised,  whenever  he  meets  with  a  new  terra,  to  consult  the 
iodtix  of  the  ttork,  in  order  that  he  may  refer  to  the  chemical  substaiice  which 
iQoh  term  is  intended  to  convey,  and  thereby  aequire  some  idea  of  its  nature. 


OXYGEN.  ^ 

ettcrS.  Adjust  the  mouth  of  the  tube  so  as  to  be  in  the    Cbat.l 
proper  relative  position  to  the  pneumatic  apparatus*,  pre-  — — 
viously   prepared  with  an  inverted  jar  filled  with  water. 
Apply  heat  to  the  flask  by  means  ot  a  lamp  or  candle.  An 
air  will  be  perceived  passing  up  in  bubbles  into  the  inverted 
jar:  this  air  is  oxygen  gas. 

II.  The  rationale  of  the  formation  of  oxygen  gas  by  the  Explana- 
above  process  appear  to  be  this:  the  oil  of  vitriol  does  not  ^^^^  <^ibe 
dissolve  easily,  the   black  oxide  of  manganese;    but  very^"***"*' 
readily  the  green  oxide  of  this  substance,  which  contains 
only  half  as  much  oxNgen  as  the  black.  Accordingly  the  oil 
of  vitrioLy  by  its  action  upon  the  black  oxide,  displaces  half 
its  oxygen  which  appears  in  the  gaseous  form,  and,  after  be- 
ing reduced  to  the  state  of  green  oxide,  dissolves  it. 

HI.  Oxygen  gas  was  first  obtained  by  Dr.  Priestley  in  Ditooveiy. 
1774:  it  was  afterwards  discovered  by  Scheele  before  he 
lud  any  knowledge  of  the  previous  discovery  of  Priestley. 

IV\  Oxygen  gas  is  a  colourless  and  elastic  fluid  like  Properties, 
common  air.  It  is  entirely  destitute  of  taste  or  smell. 

V.  Bulk  for  bulk,  it  is  a  little  more  than  one  and  one-  Spce.  grar. 
tenth  times  as  heavy  as  atmospheric  air.  ^'^^' 

VI.  Oxygen  gas  supports  flame  with  greater  vividness.  Oxygen 
and  for  a  longer  time  than  atmospheric  air.  If  a  burning  'UPP<^ 
body  be  introduced  into  a  glass  vessel  containing  this  gas,  its 

flame  is  increased  exceedingly  in  brilliancy.  The  products 
of  combustion  in  this  gas  are  called  oxides*   It  supports  re-  and  respi- 
spiration,  and  animals  live   longer  m  it  than  in  an  equal  "^*'"* 
bulk  of   atmospheric  air.    The   consideration   of  its   uses, 
however,  both  in  combustion  and  in  respiration,  will  be  de- 
ferred until  these  subjects  come  to  be  treated  of  particularly. 

VII.  Oxygen  gas  is  a  constituent  in  atmospheric  air,  of  Composesa 
which  it  forms  in  bulk  a  little  more  than  one-fifth  part.  It  P"'*^  of  the 
is  also  a  constituent  of  water,  forming  eight-ninths  of  that  and  of  va- 
liquid  by  weight.  •«**• 


*  ThU  apparatus  consists  of  a  trotigli  of  woo*!,  generally  lined  with  sheet  lead 
or  tin,  in  tihieh  a  shelf  is  fitted,  about  three  inches  from  the  top.  In  the  shelf,  a 
bole  or  sUt,  about  an  inch  in  diameter,  is  made.  When  used,  the  trough  is  filled 
with  water  tn  about  an  inch  above  the  Hurfnco  of  the  shelf;  a  glass  vessel  filled 
with  water  and  inverted  is  thoi  pinced  upon  it,  over  the  hole  or  slit:  now  if  the 
benk  of  a  retort  or  the  extremity  of  a  glass  tube  be  plunged  into  the  trough,  so 
that  its  mouth  shall  be  under  this  opening;  any  air  or  gas  which  may  be  forced 
through  either,  will  ascend  through  the  opening  in  the  shelf  into  the  upper  part 
of  the  Teasel,  inverted  u|)on  it,  displacing,  at  the  same  time,  the  water. 

In  this  manner  the  gases  w  hich  are  not  absorbed,  or  ver}'  sparingly  so,  by 
water,  are  preserved.  Any  gfas  which  is  twken  up  largely  by  water,  is  collected 
by  a  amilar  apparatus  in  which  quicksilver  is  substituted  for  water. 


UNDEOOBIPOUNDBD  fUPPOBTERS. 
I. 

DiviMOBl. 

SECTION  IL 

OF  CHLORINE*  GAS. 

DephUguHcated  Muriatic  Add  q€  Sehedti—- Oi^fVfKttir  M^ioHe 

Berthollet. 

Heckod  of     I*  Chlorine  gas  may  be  obtained  by  the  foUowing  pro- 
^^^S    cess:  Put  into  a  'smab  glass  retort  a  quantity  of  the  buic& 
^.    ^     oxide  of  manganese  in  powder,  and  pour  upon  it  a  sufficient 
quantity  of  the  marine  acidf  of  the  shops,  to  convert  it  into 
a  thin  paste.  Plunge  the  beak  of  the  retort  into  a  pnenmaticf 
trough,  and  apply  the  heat  of  a  lamp  to  its  bottom.  A  ypm 
is  extricated,  which  may  be  collected  in  inverted  glass  phials^ 
in  a  manner  similar  to  that  described  in  the  last  secdoo* 
The  phials  may  be  removed  from  the  trough,  and  the  gas 
preserved   by  fitting  to  their  mouths  accurate^  ground? 
stoppers.  This  gas  is  chlorine. 
BtplaiiA-        IL  Chemists  have  ascertained  diat  the  marine  acid  is  a 
^?r^^  compound  of  the  gas  under  consideration,  and  an  inflamma« 
^  ble  air  to  be  described  hereafter  under  the  name  of  hydro- 

gen. In  the  process  just  given,  the  acid  and  die  osdde  mu- 
tually decompose  each  other;  the  chlorine  of  the  former  is 
extricated  while  its  hydrogen  combines  witfi  the  oxygen  of 
the  latter. 
CHforioe        .III.  Chlorine  gas  was  discovered  by  Scheele  in  1774. 
b"^S&Sk.  ^  ^^85,  Berthollet  made  a  set  of  experiments  upon  it,  by 
^  which  he  was  supposed  to  have  proved  it  to  be  a  compound 

of  the  marine  acid  and  oxygen.^  In  1809  Gay-Lussac  and 
Thenard  published  some  experiments  going  to  demonstrate 
that  oxygen  could  not  be  shown  to  exist  in  BerthoUe^s 
true  Mtnre  oxygenized  muriatic  acid.  Sir  H.  Davy  soon  after  took  up 
STsVa   *®  subject,  and,  in  two  papers  which  were  published  in  the 
Sitt!^        Philosophical  Transactions  for  1810,  fully  demonstrated 
that  all  the  experiments  which  were  supposed  to  indicate  the 
compound  nature  of  oxymuriatic  acid,  as  the  gas  under 
consideration  was  then  called,  were  fallacious;  and  in  fact 
that  it  was  as  yet  an  undecompounded  substance:  he  ae- 
cordingfy  changed  its  name  to  chlorine* 
Propeitiei.      IV.  Chlorine  is  in  the  form  of  a  gas,  and  possesses  die 
mechamcal '  properties  of  atmospheric  air.    Its  colour  is 
greenish  yeUow;   its  smell,  very  strong  and  suffocating, 
exactly  like  that  produced  upon  mixing  together  aqua  fortis 


•  From  yuif^  green. 

t  An  acid  wliieh  mar  be  obtained  from  commoii  lalt  bj  the  aetion  of  the  oil  of 
Titriol,  to  be  deflcribed  hereafter. 
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«d  the  mariiie  add.   It  destroys  sll  vegetable  colours,  Ciuv.  h 
cbugiBg  them  to  white.  

V.  It  is  neariy  two  and  a  half  times  as  heavy  as  atmos-  Spee.  grav. 
pbcric  air.  «*'w. 

VI.  Chlorine  gas  supports  combustion.    Some  of  theSupporu 
■ctals,  as  antimooyt  arsenic,  zinc  and  iron,  take  fire  spon-  ^^^^u'tJoB 
tancoualy  when  plunged  into  iL  The  products  of  these 
combustions  are  compounds  formed  of  the  burning  body 

and  chlorine:  they  are  called  by  chemists,  chJoridea* 

VII*  Chlorine  gas  docs  not  support  respiration*  An  ani*  bat  net  re- 
asL  farced  to  breathe  it,  dies  almost  instandy.    From  this  'P"^^^°^ 
it  sfqpears,  that  chlorine,  although  it  agrees  with  oxygen  in 
supporting  combustion,  is  very  different  from  the  latter  in 
beiQg  unrespirable. 

VIII.  Chlorine  gas  is  absorbable  by  water,  with  which  Abiorbtbic 
it  forms  a  liquid  having  die  characteristic  properties  of  the  ^J^^^^- 
gis  itself.  \¥hen  fully  saturated,  water  contains  twice  its 
volume  of  chlorine. 

IX.  Chlorine  combines  in  four  proportions  with  oxygen.  Forms  foor 
ad  foroM  compounds,  which  have  been  distinguished  by  t^^°^ 
die  ibllowing  names:  gen. 

1.  Protoude*  of  Chlorine. 

S.  Deulozide  of  Chlorine. 

5.  Chloric  acid. 

4.  Perchloric  acid. 
Chloric  and  perchloric  acids  will  be  described  hereafter 
under  the  head  of  acids;  the  latter  under  the  changed  name 
of  oxychloric  acid*  The  oxides  of  chlorine  will  be  noticed 
this  place. 

1.  Protoxide  of  Chlorine  may  be  obtained  by  distilling  at  i.  Protox- 
s  ffentle  heat,  the  substance  formerly  called  hyperoxymuriate  ^^^  *^*°' 
of  potash,  but  at  present  more  properly  named  chlorate  of 
potashf,  mixed  with  a  small  proportion  of  marine  acid.  A 
ns  is  extricated  which  must  be  received  over  mercury. 
This  gas  is  the  protoxide  of  chlorine.  The  rationale  of  its 
formation  is  not  very  obvious. 

*  Oxide  is  the  term  applied  to  all  tubttancrs  of  two  ingredients,  of  uhich 
wgen  it  one,  aniew  Mien  nibstanees  have  aeid,  alkaline,  or  earthy  properties. 
When  ox}-gen  comhinea  in  two  proportions  with  a  hotly,  without  tlie  appmrance 
of  these  properties,  the  oxides  formed  are  distinguisht^l  by  the  pivfixes  ^ro/o  or 
prtt,  abbreviated  from  'jt^urof  first,  and  deuto  or  deut^  from  hvrt^  second; 
the  former  being  applied  to  the  oxide  which  contains  the  least  oxygen,  the 
latter  to  the  oxide  whieh  contains  the  most  When  a  greater  number  than  two 
otidea  nf  the  same  substance  are  to  bo  distinguished,  other  prefixes  derived  fiwm 
the  Greek  nomerala  are  employed.  This  mode  of  dbtlnguishing  oxides  was  dcvis^ 
by  Dr.  Thomson. 

f  Chlorate  of  potash  is  prepared  by  passing  a  current  of  chlorine  gns  thrmif^h 
a  solation  of  eommon  potash,  until  the  latter  becomes  saturated.  The  lif|uid 
thns  formed,  upon  standing  depoaites  crystals  of  chlorate  of  potash.  It  is  a  com* 
pound  of  chloric  acid  and  potash,  and  will  be  described  hcrcaAer. 
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]}ookI.        2-  '^15  9^  ^^  discovered  in  1811  by  Sir  H.  Davy,  by 
DItimoq  I.  M^hom  it  was  named  euchlorine;  but  its  present  nanie,  given 
"~""""~  by  Dr.  Thomson,  is  preferable,  being  expressive  of  its  com- 
position* 
PropertiM.      3«  Protoxide  of  chlorine  has  an  intensely  yellow  colour, 
and  a  smell  resembling  that  of  burnt  sugar.  It  destroys  ve* 
getable  blue  colours,  but  not  until  after  it  has  given  them  a 
tint  of  red. 
Spec  gray.     4.  It  is  somewhat  less  than  two  and  a  half  times  as  heavy 
^^'      as  atmospheric  air.    - 

5.  It  is  absorbable  by  water.  This  liquid  when  fully  sa- 
turated, contains  eight  times  its  bulk  of  the  gas,  and  pos- 
sesses its  peculiar  colour  and  smell. 
Compoii.        6.  Protoxide  of  chlorine  is  composed  of    ' 
*^  .       Chlorine  36 

.     Oxygen  8 

AA. 

*irV 

ft.  DentoK-       UDeuioxide  of  Chlorine  may  be  obtained  by  the  following 

ide  of  ehlo-  process:  Take  a  very  small  quantity  of  chlorate  of  potash  (the 
same  substance  which  is  employed  in  the  f(»rmation  of  the 
protoxide  of  chlorine)  and  form  it  into  a  dry  paste  by  mixing 
.  It  with  oil  of  vitriol.  Put  this  paste  into  a  small  retort,  and 
immerse  its  belly  in  hot  water,  whose  temperature  must  not 
be  allowed  to  reach  the  boiling  point.  A  gas  is  immediately 
extricated,  which  must  be  collected  over  mercury.  This  gas 
is  deutoxide  of  chlorrne. 

2.  Deutoxide  of  chlorine  was  discovered  about  the  same 
*  time  by  Sir  H.  Davy  and  Count  Von  Stadion. 

Properties.      3.  It  has  a  bright  yellowish-green  colour,  and  a  peculiar 
aromatic  smell. 

Spec.  grtT.     4.  It  is  about  two  and  one-third  times  as  heavy  as  com- 
non  air. 

5.  It  exerts  no  action  upon  any  of  the  combustibles  except 
phosphorus.  This  substance,  when  iniroduced  into  it,  pro- 
duces an  explobion,  and  burns  with  great  brilliancy. 

6.  Water  absorbs  seven  times  it  hulk  of  this  gas.  The  solu- 
tion  has  a  deep  yellow  colour,  and  an  astringent  corrosive 
taste. 

Compoti.        7.  Deutoxide  of  chlorine  is  composed  of 
*'»o°-  Chlorine  36 

Oxygen  32 

68 — so  it  appears  that 
this  oxide  of  chlorine  contains  four  times  aa  much  oxygen, 
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united  to  the  same  quantity  of  chlorine,  as  the  one  last  Cbaf.  l 
described.  — — — 

X.  The  property  which  chlorine  possesses  of  destroying  Chlorine 
all  vegetable  colours,  suggested  its  use  to  Berthollet  as  an  °*«^^ .  ■■> 
agent  in  bleaching.  Accordingly  it  is  used  extensively  for  ^^'^''S' 
that  purpose,  wherever  bleaching  is  carried  on  largely. 

XI.  Chlorine  is  found  to  be  a  most  efficacious  agent  in  and  m  des- 
dcstroying  contagion  and  putrid  exhalations  of  all  kinds.  ^"^'"^ 

It  is  at  present  in  general  use  in  the  anatomical  theatres  and  puuM 
both  of  Europe  and  America,  and  in  the  naval  and  military  ntiMmatai 
hospitals  of  Great  Britain. 

In  order  to  prepare  this  gas  for  the  purpose  of  destroying 
contagion  or  miasmata  of  any  kind;  all  that  is  necessary  is 
to  mix  together  two  parts  of  common  salt  and  one  of  the 
Uack  oxide  of  manganese;  and  to  pour  upon  the  mixture  two 
parts  of  oil  of  vitriol:  the  fumes  of  chlorine  immediately 
arise  and  are  distributed  in  the  infected  atmosphere  with 
the  effect  of  destroying  the  miasmata. 

XIL  Chlorine  gas  produces  very  striking  effects  upon  the  and  u  a 
human  s^'stem.  When  taken  internally,  or  when  externally  '•"•^y- 
applied  in  solution  by  sponging  or  in  the  form  of  a  bath,  it 
very  soon  creates  uneasiness  in  the  throat  upon  swallowing, 
a  redness  of  the  gums,  and  a  burning  sensation  over  the 
roof  of  the  mouth*  These  effects  are  succeeded  by  the  for- 
mation of  little  ulcerated  specks,  which  penetrate  the  cuticle 
only,  on  the  inside  of  the  mouth  and  tongue;  but  fetid  ul- 
cerations, such  as  arc  formed  by  the  use  of  mercuri',  are 
never  produced.  When  employed  extirnally  the  teeth  par- 
take of  the  uneasy  feeling  of  the  mouth,  but  are  in  no  case 
injured.  All  these  effects  are  very  fugitive,  passing  away 
in  some  cases  in  a  very  few  days.  On  the  general  system  it 
has  the  effect  of  quickening  the  pulse.  It  appears  to  act 
with  considerable  energy  upon  the  glandular  system. 

Of  all  the  glands  in  the  body,  it  appears  to  exercise  the 
greatest  influence  over  the  liver,  increasing  the  secretion  of 
bile  in  an  eminent  degree.  It  is  to  Dr.  H.  Scott  particu- 
larly that  the  medical  world  is  indebted  for  having  first 
pointed  out  the  effects  of  chlorine  in  the  diseases  of  the  liver. 
This  physician  was  in  the  habit  of  using  it  as  a  remedy  in 
the  hepatitis  of  India,  which  according  to  him  is  a  mixture 
of  the  acute  and  chronic  states  of  that  discast .  In  such 
cases  he  has  found  chlorine  to  be  equallv  efficacious  with 
the  oxides  of  mercury,  without  its  use  being  attended  with 
the  disagreeable,  and  sometimes  injurious,  effects  of  the  latter 
remedies.  To  those  cases  of  derangement  of  the  biliary  sys- 
tem, which  are  accompanied  by  uneasy  nervous  feelings,  he 
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BookL   found  the  use  of  this  supporter  particularly  8uite4f  by  im- 
DjfiiioD  t  ciogginig  the  vessels  of  the  liver  and  calming  the  nervo93 
system. 

Dn  Scott  compares  the  remedial  powers  of  chlorine  to 
those  of  mercury;  but  attributes  to  the  former  the  advan- 
tage of  being  harmless  as  a  remedy,  even  in  unskilful  band% 
It  is  particularly  suited,  according  to  him,  to  those  cases  of 
disease,  which  appear  to  require  mercury;  but  which,  oc- 
curring in  peculiar  or  delicate  constituuons,  forbid  the  u^e 
of  that  remedy. 

Chlorine  is  spoken  of  as  a  remedy  also  in  syphilis;  but  the 
experience  of  its  use  in  this  disease  has  not  been  sufficiently 
4iversified  to  afford  conclusions  to  be  depended  upon* 

Dr.  Scott  uses  the  remedy  internally;  and  also  externally, 
in  the  form  of  a  bath,  by  sponging,  and  by  immersioi^  of 
different  parts  of  the  body* 

Dr.  Scott  makes  his  bath  of  a  mixture  of  equal  parts  of 
marine  acid  and  nitrous  acid*,  diluted  with  water  until  i|s 
acidity  is  about  equal  to  that  of  weak  vinegar.  He  prepares 
it  warm  and  directs  its  use  once  a  day,  continuing  each 
bathing  half  an  hour. 

When  used  internally.  Dr.  Scott  directs  the  mixture,  ren- 
dered very  weak  by  dilution,  to  be  taken  in  small  qu^ntitios 
gt  a  time  during  the  day,  using  the  precaution  of  washipg 
the  mouth  after  each  dose.  It  is  presumed  that  as  much  of 
the  mixture  may  be  taken  through  the  course  of  a  d^y  as 
may  be  conveniently  swallowed. 

Water  saturated  with  chlorine  was  found  by  Dr.  Scott  to 
have  the  same  effects  as  a  remedy  as  his  preparation  of 
mixed  acids.  This  physici^  therefore  does  not  hesitate  to 
believe  that  chlorine  is  the  active  part  of  his  remedy;  and 
in  accordance  with  this  opinion,  the  same  medical  proper- 
ties attributed  by  Dr.  Scott  to  his  acid  mixture,  have  in  the 
present  section  been  assigned  to  chlorincf 


*  An  Mid  to  be  deteribed  hereafter,  whieh,  hy  mixtnre  wiUi  marae  apd, 
extrieatef  ehlorine. 

f  See  \W.  Soott't  paper  on  the  internal  and  external  use  of  the  nitro-aiiiriatia 
aflKl  in  the  cure  of  diteaaea,  from  whieh  the  ahofefiwta  ara  tikeu;  rcpubllalMdia 
die  Med.  Reoonler,  VoL  L  p.  81. 


Iftgest  a 


sEcmoM  ta , 


tNE  may  be  obtained  by  tbe  fdtpwita' proceu: 
quaaticy  of  kclpj  in  waler,  untjl.evcc]r  VUa§  •Alu-'' 


Ue  IS  (akco  up.   Filler  the  solui 

ihc  coDamoD  sail,  whicii  will  l'»ll,  hu  wpHated  io  uyatak. 
Boil  the  residuikl  liquor  with  a  portioo  <tf  oU  of  vilnol  for 
•me  ime.  Put  thcliquid  thiu  formed  into  a  Mqill  retort, 
ad  idd  m  amch  bUck  oxide,  ef  "■'"g-"*"  h  bed  pre- 
TTOwlj  bcoi  eapknrcd  of  oil  of  Titn<^  If  bcu  be  «p|med 
to  the  Eqoid  after  thi*  eddWiiu,  *  violet  coloured  rapour 
arisra,  which  by  condensacioo  in  e  proper  rcceiTer  la  coo- 
'  verted  into  a  brilliant  solid  ailbatuoc.  Hiia  aubatuce  it 
iodioc. 

II.  Iodine  vras  discovered  in  IBll  by  Courtiua,  a  aalt>: 
pent  manufacturer  of  Pariit  Very  little  progreaa,  bowerer, 
was  made  in  the  iovcsiif^oo  of  ita  propcrdca  tintil  the 
winter  of  1813-14.  when  it  received  a  particidar  exuaiaa- 
tion  rroo)  Gay-Lussac  and  Hienard,  and  $ir  H.  Davy* 

in.  Iodine  is  a  solid  subatattce  of  a  greySah  black  eo- 
lour,  and  poasesaing  iht  metallic  luatre.  Ita  ainctl  ia  similar 
Is  that  of  chlorine  but  much  atroagen    Its  taate  hot,  and 
acrid,   leaving   a   lasting  impreasioD   on  the   mouth*    Like 
dilorinc  it  destroys  vegetable  colours. 
,  IV.  Iodine  in  the  sMid  fbnn  is  nearly  five  times  as  heavy  Spe*.  m*. 
M  an  c^llaI  bulk  of  water.  In  a  state  of  vapour  it  is  more  **!J^ 
tbaa  ei^it  aad  a  half  times  as  heavy  as  atmospheric  air.  Its  ■*  npaur 
aettiiw  aoint  ia  at  the  temperature  of  234^0.  ■-on- 

V.  Ua  inece  of  phosphorus  be  thrown  upon  a  (juantity 
of  iodine,  the  two  subsunces  unite  rapidly  with  the  evolu- 
tion of  a  Bvat  deal  of  heat,  but  no  lig^t  is  visible.  The 
Gonpoowu  formed  between  iodine  and  combustiblca  or 
iacomiuatibleB  are  called  iodidest  Iodine  support;  the  com- 
bustion of  sevctal  of  the  combusUbleB  as  will  be  seen  here- 
■fterw 

VI.  Water  disatdves  not  more  than  Ti^th  part  of  its 
weight  of  iodine,  and  acquires  an  orange  yellow  colour,  and 
the  smell  of  iodine,  but  no  taate. 

Vlt.  Iodine  combines  in  one  proportion  with  oxygen  ConUaa 
forming  iodic  acid,  and  in  one  proportion  with  chlorine,  T^^^' 
forming  what  has  been  called  the  chloriodic  acid.  The  con-  eUntne. 

*  tram  auht,  fioM  tdoand. 
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Book  L    sidcration  of  these  compounds  will  be  defered  antil  the 
DiviiionL  ^j^gg  ^f  acids  come  to  be  treated  of. 

Has  no  VIII.  Iodine  has  never  been  applied  to  the  purposes  of 

^»^'  medicine.  But  from  the  experiments  of  Orfila,  who  ascer* 

tained  it  to  possess  very  active,  and  in  large  doses,  poisonous 

properties,  there  is  reason  to  hope  that  it  may  become 

hereafter  a  very  useful  article  of  the  materia  medica. 


SECTION  IV. 

OF  FLUORINE. 

Fluorine,  I.  This  name  has  been  given  by  Sir  H.  Davy  to  a  sub- 
the  n«mc  g^ance,  the  existence  of  which  he  has  rendered  very  proba- 
fortbebawble,  although  the  body  itself  has  never  been  obtained  in  a 
of  Uie  acid  separate  state.  It  is  necessary  to  notice  the  reasoningb  upon 
qi^,  which  the  belief  of  its  existence  is  founded  in  this  place; 

as  the  substance,  so  far  as  its  nature  has  been  inferred,  i^ 
pears  to  bear  a  close  resemblance  to  the  supporters, 
which  there      H*'  I^  ^^  the  supposed  base  of  the  acid  of  fluor  spar, 
it  reaion    which  it  is  considered  to  form  in  combination  with  hydrogen. 
faBK  it  peea-  "^^^  ^^^^  which  lead  to  this  opinion  of  the  nature  of  the 
liar  in  iu    acid  of  fluor  spar  are  strong  thoueh  not  decisive.  For  ex- 
nature.       ample,  if  this  acid,  perfectly  free  from  water,  is  brought  in 
contact  with  potassium  (the  metallic  base  of  the  vegetable 
alkali  potash)  a  violent   action  takes  place,  hydrogen  it 
emitted,  and  a  solid  white  substance  is  formed.  Now  the 
inference  drawn  from  this  experiment  is  that  the  compound 
formed  is  made  up  of  a  constituent  of  the  acid  of  fluor  spar, 
unknown  in  the  separate  state,  and  potassium;  and  that  the 
hydrogen  emitted  had  been  previously  united  to  this  pecu- 
liar radical,  constituting  the  acid.  Several  experiments  of  a 
similar  kind  to  that  above  stated,  have  strengthened  the  sup- 
position that  the  acid  of  fluor  spar  contains  a  radical  of^a 
peculiar  nature;  but  all  attempts  heretofore  made  to  obtain 
it  in  a   separate  state  have  proved  unsuccessfuL    These 
facts  are  stated  merely  to  give  the  reader  some  idea  of  what 
is  known  concerning  this  hypothetical  substance. 


AZOTE. 


IS 

ciAv.  n. 


CHAPTER  IL 

OF  UNOECOMPOUNDED  INC0MBU8TIBLES. 

Ah   incombustible    mav    be  dt*  fined,  a  body   which   is  Definition 
capable,  neither  of  supporting  combustion,  nor  of  undergo-      )^^' 
tng  that  process.  But  one  undecompoundcd  body,  answer-  bie. 
ing  to  this  definition,  is  known.  It  is  called  azote,  and  will 
be  described  in  the  following  section. 


SECTION  I. 

OF  AZOTE.* 
Aftnyvn  gn»  df  Cku^^^PhlofiHieaied  air  of  PrieiUey. 

L  This  gas  may  be  obtained  by  the  following  process:  Azote: how 
Pot  a  mixture  of  iron  filings  and  sulphur,  moistened  by  <^^*^b^ 
water,  in  a  small  plate,  under  a  glass  vessel,  containing  air 
ind  placed  over  water.  Let  the  apparatus  stand  in  this  state 
far  a  few  days,  and  it  will  be  found  that  part  of  the  air  has 
disappeared,  and  that  the  space,  which  it  had  previously 
occupied,  is  filled  with  water.  The  air  which  remains  is 
azote. 

II.  To  understand  the  above  process,  it  is  necessary  for  Proceu 
the  reader  to  know   that  atmospheric  air  is  composed  of  "P^**°*^ 
the  gas  under  description  and  oxygen.    By  the  exposure  of 

a  portion  of  atmospheric  air  in  close  vessels  to  the  influence 
of  a  moistened  mixture  of  iron  filings  and  sulphur,  that  part 
of  it  which  consists  of  oxygen  is  absorbed,  while  its  azotic 
portion  remains  behind. 

III.  Azotic  gas  was  discovered  in  1772,  by  Dr.  Ruther-  DitcoTcry. 
ford  of  Edinburgh. 

IV.  It  is  a  gaseous  fluid,  having  all  the  mechanical  pro-  Properties. 
pcnies  of  atmospheric  air.  It  has  neither  taste  nor  smell. 

V.  It  is  not  quite  so  heavy  as  atmospheric  air,  compared  Spec  grar. 
with  that  gaseous  fluid,  bulk  for  bulk.  *^97*- 

VI.  It  is  not  fit  to  carry  on  the  process  of  respiration.  Unfit  to 
Animals  forced  to  breathe  it  die  as  thev  would  from  suf-  J"{l^^n"^' 
focation.  Neither  is  it  fit  to  support  combustion;  no  com-  or  oombus- 
bustible  substance  will  bum  in  it.  ^^• 


*  From  c  privatiTe  ofj  and  ^trn  life. 
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UNDECOMPOUNDtt>  IKCOMBUSTIBLBS. 

VII.  It  is  scarcely  absorbable  by  water;  unless  this  li- 
quid be  freed  from  the  air  which  it  usually  contains  by  bdi-'. 
ing;  in  the  latter  case  it  is  taken  up  in  small  quantity. 

VIII.  Azote  is  capable  of  uniting  With  oxygen  in  fivi 
proportions  and  forms  compounds  which  have  received 
the  following  names: 

1.  Protoxide  of  azote  (nitrous  oxide) 

2.  Deutoiude  of  aaote  (nitrous  gas). 

3.  Hyponitrous  acid.* 

4.  Nitrous  acid. 

5.  Nitric  acid  (aqua  fortis)* 

The  two  first  named  only  of  these  compounds  will  be 
described  in  this  place;  the  three  last,  having  acid  proper* 
ties,  will  be  described  under  the  head  of  acids.  « 

1.  Protoxide  of  azote^  the  dephlogisticated  nitrous  gas 
of  Dr.  Priestley,  may  be  obtained  by  the  following  pro- 
cess: Expose  dry  nitrate  of  ammoniaf  to  the  heat  of  a 
lamp,  in  a  retort  adjusted  to  a  mercurial  trough.  A  gas 
is  immediately  extricated.  This  gas  is  the  protoxide  of 
azote. 

S.  Protoxide  0/  aa&ote  was  discovered  in  tfltt  by  tiu 
Priestley. 

3.  It  has  all  the  mechanical  prop6itkd  of  atmospheric  alt. 
It  Is  very  little  moire  than  otie  and  si  half  times  as  Kei^ 
fts  cdtnmoh  air. 

4.  It  suppdttd  combustion.  Bodies  bum  in  it  With  tktfiAf 
the  same  brilliancy  as  in  bxygen  gas.  When  respired  u 
produces  very  extraordinary  effects,  which  have  soitie  r^ 
seAibknce  to  th6se  arising  from  Intotication.  Animds 
{drCtA  to  breath  an  atmosphere  composed  of  this  gas,  die 
after  the  lapse  of  doiAe  time. 

5.  It  Is  absorbable  by  water.  This  liquid  when  fully  sa* 
turated  contains  somewhat  more  than  three-fourths  of  iti 
built  of  the  gas. 

6.  Protoxide  of  azote  is  composed  of 

Alote        14 
Oxygen        8 


r 

in 

pr 
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*  The  eharaeteristie  termination  of  the  name  of  an  aoid  eomnound,  it  id  •& 
When  seteral  acid  oompoimdi  are  rormed  from  the  tmne  ibgredlenta  onited  im 
diffeivnt  praportioiia»  the  Mrniination  in  tc  dntbgnithei  the  name  of  tint  ofte 
which  eootains  the  largest  proportion  of  oxjgeo;  the  terminatioo  in  out  it  «p* 
propriated  tor  the  name  of  the  one  which  eontaint  the  nett  largett  quantity.  Ira 
thirti  acid  com  pound  formed  of  the  aame  ingredienli  esitt,  eootahilng  onv^etL  fk 
a  ttill  smaller  proportion,  the  name  faj  which  it  is  known  ends  in  out  also,  bat 
it  distinguished  from  that  of  an  aoid  containing  oxTgen  nest  in  degree  to  the 
highest,  by  the  prefix  /uffOf  derived  from  the  ureek  Cm  under. 

f  A  tubltance  te  be  described  hereafter. 
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r. 


From  ^  y^rr  powerful  eflR^ts  produced  bjr  the  Cm4M.lL 
praioxidfi  of  note  wbeii  respired,  there  can  be  little  doubt 
Aat  it  might  be  used  very  irdvanUgeously  in  socQe  dis- 
eases, by  respiration*  But  although  many  oJF  the  pneumatic 
Bedicines  produce  valuable  effects  upon  the  human  consti- 
tution, yet  their  expensiveness  will  always  prevent  them 
from  coming  into  geperal  use. 

1.  Deutoxide  of  azote  or  nitrous  gas  may  be  obtained  s.  Deaun- 
by  ihe  following  process:  Pour  the  aqua  CcNtis  of  the  shops  |^||[^.  |^^ 
upon  a  quantity  of  copper  filings  placed  in  a  retort.   The  obtaliicd. 
filings  are  rapidly  dissolved,  and  a  gas  is  extricated,  which 
may  be  collected  in  |^ass  vessels  over  water.  This  gas  is 
deutoxide  of  azote. 

3.  Aqua  fi;>rtis  is  composed  of    azote  united   to   theEzpiana- 
largest  quantity  of  oxygen  with  which  it  is  capable  of  com-  ^^^^^^ 
Uuig:  wheii  poured  upon  copper  filings,  part  of  its  oxygen 

is  abstracted,  by  combining  with  them,  and  what  remains 
conrinoing  to  be  united  to  the   azote,  forms  the  gas  in  • 
qnestioD. 

3*  Oeuto^dc  of  azote  was  accidentally  discovered  by  Dteeomy. 
Dr.  Hales,  but  its  properties  were  first  investigated  by 
Priestley. 

4.  It  is  ao  invisible  and  elastic  fluid.  It  is  very  litde Speo^grtT. 
heavier  than  atmospheric  air.    It  supports  the  combustion 

of  some  combustibles,  but  not  of  others.  A  lighted  taper 
introduced  into  it  goes  out;  sulphur  is  also  extinguished 
even  when  introduced  burning  with  a  white  flame;  but  it 
supports  the  combustion  of  phosphorus  with  great  bril- 
liancy* 

5.  When  employed  in  respiration,  it  proves  exceedingly  Noxiom  \% 
noxious.  Animals  forced  to,  breathe  it  become  immediately  respintion. 
suffocated. 

6.  Water  previously  freed  from  air,  absorbs  about  one- 
tenth  of  its  bulk  of  this  gas*  The  solution  formed  has  no 
taste,  and  is  incapable  of  reddening  vegetable  blues. 

7.  Whenever  the  deutoxide  of  azote  comes  in  contact  KfTeets  of 
with  atmospheric  air,  the  latter  is  decomposed,  and  the  mix-  !j^i}^a^^ 
turc  assumes  a  yellow  colour.  The  oxygen  of  the  atmos-  phenc  air. 
pheric  air  combines  with  the  deutoxide  and  forms  the  acid 

called  nitrous  acid,  which  gives  rise  to  the  yellow  colour 
just  mentioned.  If  the  experiment  be  made  in  glass  ves- 
sels over  water,  a  very  considerable  condensation  will  be 
observed;  this  arises  from  the  absorbability  of  the  product 
(nitrous  acid)  by  water.  The  residual  gas  after  the  con- 
densation is  complete  is  azote.  The  same  acid  is  formed 
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Boos  1    when  the  deutozide  of  azote  is  mixed  with  oxygen 
Diviikm  I.  |||  ^lose  vesstls;  but  in  this  case,  there  is  no  residual  ga 
Compoti-        8.  Deutozide  of  azote  is  composed  of 
****•  Azote  14 

Oxygen  16 

30—60  it  appears  i 
this  oxide  of  azote  contains  twice  as  much  oxygen  as 
protoxide  last  described* 
Afote,«         IX.   Azote  in  combination  with  oxygen  gas,  togei 
j]J^|2J^^  with  moisture  and  a  verj'  small  proportion  of  carbonic  a 
pherie  air.  constitutes  the  atmosphere  which  surrounds  the  globe. 
The  atmosphere  will  be  treated  of  hereafter  in  a  sepa 
chapter;  it  is  only  mentioned  in  this  place  incidentally 
order  to  complete  the  abcount  of  the  different  combinati 
of  azote  and  oxygen. 
Chloride  of     ^*  Azote  has  the  property  of  combining  with  chlor 
azote.         and  forming  a  compound  called  chloride  of  azote. 
Howpre-        ^«  This  chloride  may  be  prepared  by  the  following  ] 
Vf^        cess:  Place  a  solution,  not  quite  saturated,  of  nitrate 
ammonia  in  a  flat  dish.  Invert  over  it  a  glass  jar  contaii 
chlorine.  The  gas  is  slowly  absorbed,  and  there  collect 
the  surface  of  the  solution  an  oily  substance,  which  ] 
dually   sinks   to   the   bottom:    this   oily  substance   is 
chloride  in  question. 
DiMoreiy.       2.  Chloride  of  azote  was  discovered  in  1812  by  Dul< 
Propeitiei.      ^'  ^^  **  *  transparent  liquid,  of  a  colour  very  like^ha 
olive  oiL   Its  smell  is  strong  and  peculiar.    It  is  extren 
volatile.    When  exposed  to  the  temperature  of  212^ 
explodes  with  prodigious  violence.  Great  caution  is  ne 
sary  in  its  preparation,  owing  to  the  last  mentioned  prope 
and,  when  experimented  upon,  larger  quantities  than  a  g 
should  not  be  employed. 
Spec,  ^evr,     4.  Chloride  of  azote  is  somewhat  more  than  one 
1.653.     a  half  times  as  heavy  as  water.  It  is  not  capable  of  solu 
in  water;  but  when  it  is   mixed   with  that  liquid,  i 
d^omposed,  its  chlorine  dissolves,  while  its  azote  it 
berated.-v-The  composition  of  this  chloride  has  not  t 
exactly  asctoained. 

XI.  Azote   combines   in   one   proportion   with   iod 
axote?        forming  the  compound  called  iodide  of  azote. 


Prepara- 
tion. 


1.  This  iodide  may  be  prepared  by  putting  a  quantit 
iodine  in  a  solution  of  ammonia:*  the  iodine  is  conve 


*  Anunooia  b  Uie  tabttanee  whieh  eantes  Ibe  odour  of  hartshorn.  One 
oonathiMata  b  aioCe.  It  will  be  deaeribed  hereafter. 
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drto  a  blackith  brown   powder,  constituting  the   iodide  Caip.in. 
nodcrr  considcmtion.  It  was  discovered  by  Courtois.  — — 

S.  It  is  very  volatile;  fl\  ing  off  in  vapour,  without  leav-  paper- 
ing any  residuum,  when  exposed  to  the  open  air.  It  detonates  ^^• 
violently  when  heated,  or  even  when  slightly  touched,  and 
azote  and  iodine  are  formed.  The  proportion  in  which  its 
constituents  are  united  is  not  ascertiiined. 

XII.  The  foregoing  are  all  the  compounds  which  azote 
b  capable  cif  forming  with  the  substances  already  described; 
its  combination  with  other  substances  will  be  mentioned 
under  the  heads  of  such  substances  respectively. 

XIIL  Azote  has  never  been  applied  to  any  medical  or  Amte  it 
ecooomiod  use.  •pp»''«*  ^« 

DO  use. 


CHAPTER  III. 


OF  UKDECOMPOUKDED  COMBUSTIBLES. 


Bt  combustibles  are  meant,  bodies  whose  combination  DefinitioB 
with  supporters  is  attended  by  the  emission  of  sensibli:  light  ?^"?{™' 
and  beau   In  the  present  chapter  it  is  proposed  to  treat  of 
those  bodies  answering  to  this  definition,  which  have  never 
been  resolved  into  simpler  constituents. 

The  undecompounded  combustihles  will  be  divided  into  r^^ipcom- 
fouT  classes,  charactf  rized  as  follows:  pouncJcd 

I.  Undecompounded  combustibles  which  act  the  part  ol  bieil divided 
an  acidifying  body.  Combvjstibles  of  this  class  will  be  called  ""to 
addififing  combustibles.    At  present  thtre  is  but  one  body  iV.jjVom-^ 
known  belonging  to  this  class;  it  is  called  hydrogen.  busuMes. 

II.  Undecompounded  combustibles  which  arc  capable  of  2-  Acidifin- 
forming  acids,  but  not  salifiable  bases,  by  combining  with  ^^^\^^  ""' 
oxygen.  Combustibles  of  this  class  are,  1.  Carbon;  2.  Boron; 

3.  Phosphorus;  4.  Sulphur;  5.  Arsenic;  6.  Chromium;  ?. 
Molybdenum;  8.  Tungsten;  9.  ColumbLum;  10.  SU<:Bium. 
These  will  be  called  acidtfiable  combdsttbies. 

III.  Undecompounded  combustibles,  which  form  com-  3.  Interme- 
pounds   with   oxygen,   capable  of  performing  the   part  of  jJlfgj^Jj^' 
acids  or  salifiable  bases,  under  different  circumstances,  in 

the  formation  of  neutral  salts.  These  are,  1.  Antimony; 
2.  Tdlurium.  These  bodies  will  be  called  intermediate 
combustibles. 

IV.  Undecompounded  combustil^les  which  form  salifiable 

bases,  but  in  no  instance  acids,  by  combining  with  oxygin. 

Such  combustibles  will  be  distinguished  by  the  name  bast- 

C 
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Boos  L  fiahU^  cTwUmttibUt.  Tfab  claw  vill  be  dhided  i 

4  f^jidbi^        1-  Coiid>ustibles  foimiiig,  with  ozygCB,^ 


ulTu^     •^*"*^**   ^^^'*  alkaline  properties.  These  will  he 

»L*r*.  k^^  kaiifiable  comhutiblet:  they  are,  1.  Potosriim;  >■ 

*»*  'ii»i»V4  3.  Lithium;  4^  Calcium;  5.  Barium;  6.  Suuuuum;  f»  BmB" 

»ttW«i«Met.  n«ium.  _  i7r.Kir  ■-  — 

2.  Combustibles  forming,  with  oxy^ien,  ssnluPic  ^^Sf 

which   have  earthy  properties:  these  arc,   1-  ^^*""fli^ 
Glucinum;   3.  Aluminum;   4.  Zirconium;   5«  Tliotm«»f 

6*  Silicum.  .^.jj^  , 

3.  Combustibles  forming,  with  oxygen,  *^'*^^****» 
which  ha%'e  neither  alkaline  nor  earthy  properties:  Aese  arC| 
1.  Iron;  2.  Nickel;  3.  Cobalt:  4.  Manganese;  5.  CeiiMi; 
6.  Uranium;  7.  Zinc;  8.  Lead;  9.  Tin;  la  Coppen  ll.Bis- 
muih;  12.  Mcicun;  13.  Silver;  14.  Gold;  15.  Pbrinum; 
16.  PaUadium;  17.  Rhodium;  18.  Iridium;  1«.  Osmium; 
20.  Titanium* 


CLASS    I. 

OF  JICIDIFYIJ^TG  COMBUSTIBLES. 

Ackrioiuis       This  class   of  undccompounded  combustibles  will  be 
ecmibwu-    completed  by  the  account  of  hydrogen  in  the  following 
Section. 

SECTION  1. 

OF   HYDROGEN,t 

{Yormtrlj  caAled  Ug-ht  Inflammable  Mr.) 

llydmifeiit       L  Hydrogen  may  be  obtained  by  the  following  process: 

uancdt  ^"^  ^"^  P*^  ^^  ^^^^  filings  in  a  retort,  having  an  opening 
in  its  upper  and  convex  part,  just  over  the  containing 
cavity:  such  a  retort  is  called  tubulated  by  chemists.  Pour 
upon  the  filings  two  pirts  of  oil  of  vitriol,  previously 
diluted  with  four  times  its  bulk  of  water,  through  the 
opening  just  described,  and  then  close  it.  A  quantity  of  air 
immediately  rushes  out  of  the  mouth  of  the  retort;  but 
being    impure   by    admixture   of    atmqspheric   air,    must 

*  I  make  no  apoloe%  for  forming  this  acljcetiYe  to  dUtinguith  this  claM  of 
eonibiiMtihlei.  It  is  stimcicnt  for  my  purpose  tkat  it  exprestes  verj  veil  the 
ideH  intctidt-d  to  be  cofi?eyed,  and  tuperiedes  the  neoeasHy  of  circumlocution. 

t  From  iSyg  water>  and  y$yfOfiat  to  generate. 
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not  be  collected  for  some  momenta.  As  soon  as  this  impure  Cbav.  m. 
air  has  passed  out,  adapt  the  retort  to  the  pneumatic  appa-  ■■■ 

ratua,  and  collect  the  gaseous  product  in  jars  over  water. 
The  product  is  hydrogen  gas. 

II.  In  explaining  this  process,  it  is  necessary  to  inform  Prooew  et- 
the  reader  that  water  is  composed  of  oxygen  and  hydrogen  P^*^* 
chemically  combined.  Now  the  water  with  which  the  oil  of 
vitriol  is  diluted  is  decomposed;  its  oxygen  unites  with  the 

iron  and  forms  an  oxide,  while  its  hydrogen  is  evolved. 

III.  Some  of  the  properties  of  this  gas  were  noticed  in  DiwoTciy. 
the  last,  and  even  in  the  seventeenth,  century;   but  very 

little  was  known  respecting  its  nature,  before  Cavendish 
distioguished  it  from  atmospheric  air,  and  noted  most  of 
its  properties. 

IV.  Hydrogen  gas  is  an  invisible  and  elastic  fluid,  like  Proper. 
common  air.  When  perfectly  pure,  it  is  destitute  of  smell.    ^^' 

V.  It  is  the  lightest  body  at  present  known;  it  is  about  Spee.  gniT. 
one-fourteenth  as  heavy  as  common  air.  "^^^ 

VI.  It  does  not  support  combustion.  All  burning  bodies  Eztingmsh- 
are  extinguished  when  plunged  into  it.  ^  ^*™^> 

VII.  Respiration  cannot  be  carried  on  by  its  means,  and  is  unfit 
Animals  forced  to  breathe  it  expire  as  they  would  from  f?**  '*»P»™" 
suffocation. 

VIII.  Hydrogen  is   not   sensibly  absorbed  by  water, 
unless  this  liquid  be  previously  freed  from .  air  by  boiling. 

IX.  If  a  lighted  taper  be  brought  to  the  mouth  of  a  phial  How  it 
containing  hydrogen,  it  takes  fire,  and  burns,  when  pure,  ^^^^^- 
with  a  yellowish  white  flame. 

X.  Hydrogen  unites  with  oxygen  in  one  proportion  only,  Combines 
and  forms  the  compound  called  water.   The  combination  is  ^jlj,*'j,','y' 
always  attended  by  combustion;   and  the  heat  produced  is  proportion 
more  intense  than  that  generated  by  any  other  substance  o"'y»  ^^^ 
while  undergoing  the  same  process.   Taking  advantage  of  1^.^. 

this  fact.  Dr.  Hare,  of  this  city,  many  years  ago,  contrived 
an  instrument  which  enables  the  experimental  chemist  to 
avail  himself,  in  his  researches,  of  the  intense  heat  thus  ge- 
nerated. This  instrument  has  since  been  employed  in  Great 
Britain  without  acknowledgment. 

Water  is  too  important  a  compound  to  be  cursorily 
described  under  the  head  of  hydrogen:  it  will  therefore  be 
considered  hereafter  in  a  separate  chapter.  It  is  proper, 
however,  to  notice  the  proportion  in  which  its  constituents 
combine.  It  is  composed  of 

Hydrogen  1 

Oxygen  8 
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Book  t  XL  Hydrogen  combines  in  one  proportion  culj  wi(h 
DttUiwb  L  chiorint;,  and  forms  the  marine  acid,  or^  as  it  is  generally 
with  ehk>.  called,  mttrfotfc  ocu/*  The  compound  deserves  very  particu* 
^JjJJ^^rtion*  ^  attention,  and  will  be  treated  of  hereafter,  under  tiie 
oiriy.lbmi-  name  of  hydrochloric  acid* 

eiiLrie^'^     XIL  It  combines  also  in  one  proportion  with  iodine,  and 

aeld:  forms  an  acid  called  hydriodic  acid.  This  compound  will  be 

mA  withio-  hqi'ii^cI  hereafter,  under  the  head  of  acids. 

M^l^i^^      XIII.  By  the  hypothetical  composition  of  the  acid  of 

foriMBsbT-fluor  spar,  as  has  been  alreadv  mentioned,  hydrogen  is  con- 

sidertd  aB  one  of  its  constituents,  existing  m  a  state  oi 

combination  with  a  peculiar  substance,  proposed  to  be  called 

fluorine.  Although  the  composition  of  this  acid  is  involved 

in  great  doubt,  yet  the  compound  itself  is  of  considerable 

importance,  and  will  be  described  hereafter  imder  the  name 

of  hydrofluoric  acid* 

Conbiaet       XIV.  Hydrogen  combines  in  one  proportion  only  with 

•^''g^/^  azote,   and  forms  the   compound  called  ammonia*    It  is 

portion  on.  usually  distinguished  by  the  names  of  hartshorn  and  volSf- 

unmoiSu**  tile  alkali.  It  will  receive  a  separate  consideration  hereafter* 


CLASS    II. 
ACIDIFIABLE  COMBUSTIBLES. 

'^*'*Sl^**       The  acidifiable  combustibles  arc:  1.  Carbon;  2,  Boron; 

Met.  '  3.  Phosphorus;  4.  Sulphur;  5.  Arsenic;  6.  Chromium;  7. 
Molybdenum;  8.  Tungsten;  9«  Columbium;  10.  Selenium* 
These  bodies  will  be  noticed  in  the  ten  following  sections* 

SECTION  I. 

OP  CARBON, 

(CommoD  oAine  CharcoaL) 

h^^^'^htiin      ^'  Charcoal  may  be  obtained  in  the  following  mannen 

ed.  '  Expose  a  piece  of  wood  placed  in  a  crucible*  and  covered 

with  sand,  to  a  red  heat  for  some  time.  The  wood  will  be 

converted  into  the  substance  called  charcoal. 

Mirad  ?or '       '''  Charcoal  is  prepared,  to  be  used  in  the  arts,  in  the 

the  uxK,     following  manner:  A  number  of  billets  of  wood,  stripped  of 

their  bark,  and  about  four  feet  long  and  five  or  six  inches 

thick,  are  piled  on  their  ends  in  a  conical  form.  The  pile  is 

then  covered  with  clay,  except  at  certain  places,  through 


*  A  pot  made  of  block  letd  or  oartb,  in  vhieh  futtoiit  are  genermll  j  made. 
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Aadk  the  fire  it  applied.    The  pile  smokes  in  consequence  Chap.  m. 
f  the  slow   combustion  which  is  going  on;  and  in  two  or  "^ 

hrce  days  it  is  uncovered,  and  the  charcoal  raked  out  of 

IIL  Charcoal  is  a  black  shining  britde  substance,  some-  Properties. 
rlnt  sooorous  when  struck;  and  when  pure,  destitute  of 
Me  or  smelL  It  is  insdubie  in  water,  and  infusible  in  the 
u^^iest  beau  that  can  be  raised*  it  is  somewhat  less  than  Spee.  ptT. 
udf  as  heavy  as  water.  ®****- 

IV.  The  diamond  chemically  considtred  is  nearly  theChemictUj 
lame  la  charcoaL  It  is  the  hardest  and  most  splendent  of  ^^*[^ 
die  prcriouB  stones,    it  has  heretofore  been  found  only  in  dbmowU 
India  aad  Brazil.  At  a  mean,  it  is  about  three  and  a  half 

tiaes  as  heavy  as  water* 

V.  When  heated  to  the  temperature  of  600^  in  the  open  Daring 
air,  charcoal  combines  rapidly  with  oxygen;  the  chemical  <»™^>'<><m> 
action  bring  attended  by  all  the  phenomena  of  combustion,  with  ozy- 
The  product  is  a  gaseous  acid,  which  is  called  carbonic  acid,  t^^ 

It  wiU  be  nodced  hereafter,  under  the  head  of  acids.  daetT^Mir- 

VI.  Beaidca  carbonic  acid,  charcoal  forms  another  com-  ^>oMt  wad. 
pound  with  oxygen.  Ic  is  in  the  gaseous  form  also,  and  is  ^^^?^ 
called  carbonic  oxide.  ^^^  ^ 

1.  Carbonic  oxide  may  be  obtained  in  the  following  man-  oxygeot 
nen  Expose  a  mixture  of  equal  parts  of  iron   filings  andj,^™"^ 
chalk,  made  as  dry  as  possible,  in  an  iron  retort,  to  a  red  oxide: 
heau  A  great  quantity   of  gas  is  extricated.    Agitate  the 
gaseous  product  with  lime-water,   which  absorbs  a  part  of 

iu  the  residue  is  carbonic  oxide. 

2.  In  explaining  this  process,  it  is  necessary  to  inform 
the  reader,  that  chalk  is  a  compound  of  carbonic  acid  and 
lime.  Now  carbonic  oxide  contains  less  oxygen  than  car- 
bonic acid,  in  consequence  of  the  heat  to  which  the  mixture 
is  exposed,  the  filings  are  capable  pf  abstracting  a  portion 
of  oxygen  from  the  carbonic  acid  of  the  chalk;  whereby  the 
acid  is  reduced  to  the  state  of  carbonic  oxide.  The  oxide, 
however,  is  not  extricated  pure  by  the  above  process;  it 
always  has  mixed  with  it  a  portion  of  carbonic  acid.  This 
is  removed  by  the  agitation  with  lime-water,  by  which  it 
is  absorbed. 

3.  Dr.  Priestley  was  the  first  chemist  who  distinguished  DiicoTery. 
carbonic  oxide  as  a  peculiar  gas;  but  Cruickshanks   first 
ascertauned  its  real  composition. 

4^  Carbonic  oxide  is  an  invisible   and  elastic  fluid  like  Properties, 
atmospheric  air;  and  very  nearly  of  the  sanxe  weight.  Spec  pniv. 

5.  It  is  capable  of  undergoing  combustion.    When  set     <^"956. 
on  fire,  it  burns  with  a  lambent  blue  flame,  emitting  very 
litde  light.    During  the  combustion  it  combines  with  an 
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Book  I.    additional  dose  of  oxygen,  and  the  product  is  cariwnic 

Diviiion  1.  ^\^^ 

Unfit  to  be     6.  It  is  Unfit  for  supporting  respiration*  Animals  placfli 
respired.     Jq   an  atmosphere   of  this   gas,  drop   down  dead  almoil 

instantly* 
Combines        7.  Carbonic  oxide  has  the  property  of  combining  -  widi 
with  chio-  chlorine,  and  forms  a  compound,  having  acid  properties* 
formsui     It  will  be  described  hereafter  under  the  name  of  chbro^ 
wsid.  carbonic  acid* 

Forms  a  8*  Carbonic  oxide  is  capable  of  forming  a  gaseous  com- 

tflJteou      pound  with  hydrogen.    This  gas  was  lately  discovered  bf 
wiS^**-^  Dr.  Thomson  while  experimenting  upon  the  ferrocytutfde 
ilrogen.      of  potash,  commonly  called  triple  prussiate  of  potash*  It 
is  formed  by  the  action  of  oil  of  vitriol  upon  the  above  men- 
tioned  substance  by  the  assistance  of  heat.  It  has  a  peculiv» 
but  not  a  disagreeable  smell,  and  an  aromatic  taste,  attended/, 
by  a  hot  impression  upon  the  mouth,  which  continues  te 
some  time.  It  is  not  absorbable  by  water.  It  bums  readSjjr^ 
when  brought  in  contact  with  a  candle,  with  a  deep  blue 
flame.  It  is  very  little  lighter  than  atmospheric  air.* 
Compoai-        9.  Carbonic  oxide  is  composed  of 
ikm.  Carbon  6 

Oxygen         8 

14 
Carboa  VII.  Carbon  combines  with  azote  and  forms  the  com- 

oombioes    pound  called  cyanogen. 

and  forms       ^*  Cyanogen  may  be  obtained  by  exposing  the  substance 
cjanoeeD:    usually  called  prussiate  of  mercury,f  in  a  dry  state,  to  a 
bow  obtain-  y^^^  rather  under  redness,  in  a  small  retort.    It  blackens, 
and  a  gas  is  extricated  which  must  be  collected  over  mer- 
cury. This  gas  is  cyanogen. 
Oiseorery.       2.  Cyanogen  was  discovered  in  1815,  by  Gay  Lussac. 
Properties.      3.  It  is  an  invisible  and  elastic  fluid  like  common  air- 
Its  smell  is  peculiar,  strong  and  disagreeable.  It  is  about 
Spec.  grar.  one  and  four-fifth  times  as  heavy  as  common  air. 
Both  asa        ^*  -^^^^^^s'^  ^  compound  of  an  incombustible  and  a  com- 
porter  and  bustible,  this  gas  is  nevertheless  a  supporter  of  combus« 
a  combusti- tion.    It  supports  the  combustion  of  potassium.    On  the 
other  hand  it  is  a  combustible.  The  products  of  its  com- 
bustion are  carbonic  acid  and  azote. 

5.  It  possesses  the  singular  property  of  combining  with 

*  See  a  paper  bj  Dr.  Thomson,  on  triple  prussiate  of  potash.  AQoals  of 
Philosophy,  xiu  102. 
t  This  substance  will  be  noticed  hereafter. 
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several  combustibks,  and  even  with  some  salifiable  bases,  Caip.  m. 
wkbout  undergoing  decomposition*  These  compounds,  when  FormB  eys- 
diey  do  not  possess  acid  properties,  are  called  cyanodides.  nodidet. 
Some  of  them  will  be  noticed  hereaiten 
6.  Cyanogen  is  composed  of 

Carbon         12 

Azote  14 

26 
VIII.  Carbon  combin,es  with  hydrogen  in  two  propor-  Carbon 
dona,  and  forms  compounds,  which  have  been  named  by  ^<>**°"   ^^ 
Dr.  Thomson  hydroguret  of  carbon  and  bihydroguret  of  ^thhydn^ 
carbon.  K^n- 

1.  Hydroguret  of  carbon,  formerly  called  olefiant  gas,  i.  Hydro- 
may  be  obtained  by  applying  the  heat  of  a  lamp  to  a  mix-  ^^^ 
tnre  of  four  parts  of  oil  of  vitriol  and  one  part  of  strong 

spirit  of  wine:    the  gas  in  question  is  immediately  disen- 
gaged, and  may  be  collected  in  jars  over  water. 

2.  This  gas  was  discovered  in  1796,  by  the  associated  DitooTerj. 
Dutch  chemists. 

3.  It  is  an  invisible  and  elastic  fluid,  destitute  of  taste  or  Propertiei. 
smelL    It  is  very  little  lighter  than  common  air.  It  bums  Spec  mj. 
frith  splendour,  die  products  being  carbonic  acid  and  water.    0*9745. 
It  is  absorbable  by  water,  which  liquid   when  saturated 
contains  one-tenth  of  its  bulk  of  the  gas. 

4.  Hydroguret  of  carbon  combines  with  chlorine,  and  Combines 
forms  a  compound  which  Dr.  Thomson  proposes  to  call  ^^^^  ^^^. 
chloric  ether*  It  may  be  obtained  by  making  a  current  ofinechiorie 
At  two  gases  meet  in  a  large  glass  receiver.    A  chemical  «™'^- 
union  immediately  takes  place^  and  the  compound  in  ques- 
tion collects  at  the  bottom  of  the  receiver.  It  is  a  limpid 

and  colourless  liquid  like  water,  possessing  a  peculiar  sharp 
sweetish  agreeable  taste,  and  in  smell  resembling  the  ether 
formed  from  hydrochloric  acid  (marine  acid).  It  is  a  little  Spec.  gmr. 
more  than  one  and  one-fifth  times  as  heavy  as  water.  It  ^*^^i- 
bums  with  a  green  flame,  vapours  of  hydrochloric  acid 
(marine  acid  or  muriatic  acid)  being  formed,  together  with 
much  soot.  When  passed  through  a  red  hot  porcelain  tube 
it  is  decomposed  into  hydrochloric  acid,  and  a  gas  com- 
posed of  hydrogen  and  carbon;  while  charcoal  is  depo- 
sited. 

5.  Hydroguret  of  carbon  is  composed  of  Composi- 

Carbon  6  tA^^"" 

hyUrogu. 

Hydrogen         1  ret 
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Bom  I.       1*  Bihydiwuret  of  carbon,  usually  called  carburettdl  hj^ 
DivMonL  rlmg^n^  may  be  obtained  tn  the  following  maooer:  Atlin 
2-  '*'';>{j'^  a  piece  of  wood  to  an  inverted  glass  jar  in  such  a  way  aa 
obuined!^^  to  cause  it  to  float  on  water  with  its  mouth  a  little  biknt 
the  surface;  being  at  the  same  time  filled  with  water.  Platte 
the  glass  jar  thus  prepared  upon  the  surface  of  a  stagnant 
pond,  and  stir  up  the  mud  at  the  bottoA(,just  under  Ha 
mouth;  a  number  of  air  bubbles  will  ascend  into  the  jar  and 
displace  the  water.  This  gas«  aftcrr  being  washed  with  lime- 
water  to  separate  carbonic  acid,  is  pure  bihydrognret  of 
carbon, 
tlie  um%       2.  Bihydroguret  of  carbon  is  the  gas  which  forma  incoal- 
M  the  fire-  mines,  distinguished  by  the  name  of  fire-damp,  and  which 
"^'        has  occasioned  such  fatal  consequences  to  miners  by  its 
explosions. 
Spec  icfUT.     3*  Bihydroguret  of  carbon  is  an  invisible  and   elastic 
0*555.     Buid,  destitute  of  taste  or  smell.   It  is  somewhat  more 
half  as  heavy  as  common  air.    When  set  on  fire,  it 
with  a  yellow  flame;  the  products  of  the  combuatioQ 
water  and  carbonic  acid* 
Conpoa-        4»  It  is  composed  of 
•**»•  Carbon  6 

Hydrogen     3 


8— «o  that  it  appemslliir 
this  gas  contains  twice  as  much  hydrogen  as  the  ainiple 
hydroguret;  and  hence  the  reason  that  it  is  diatinguislied 
firom  the  latter  by  the  prefix  M,  contracted  from  the  L^Sm 
word  ihy  twice. 
Nfttureof       IX.  The  inflammable  gases,  which  are  obtained  by  the 
^g^jg^  distillation  of  moist  charcoaU  pit-coal,  or  wood,  are  fenad 
gM.  to  be  mixtures,  in  different  proportions,  of  hydrogen,  hydro- 

guret and  bihydroguret  of  carbon,  and  carbonic  oxide,  ] 
From  the  constituenu  of  these  gases  varying  continually,  ] 
according  to  the  substances  from  which  the  distillatioa  it 
asade,  the  degree  of  heat,  and  the  stage  of  the  proccaa  st 
which  they  may  be  collected,  there  is  reason  to  believe  that 
none  of  them  are  chemical  compounds^  but  chemiod  asix- 
tures  only. 

X.  The  gas  obtained  from  pit-coal  and  from  tar  ia  now 
employed  both  in  Kurope  and  America  for  the  purpoaea  of 
illumination.  Dr.  Thomson  ascribes  the  merit  of  the  ang- 
ftestion  of  gas-lighting  to  Mr.  Murdoch  of  Birmingham. 
The  gas  from  nit^cotl  is  found  to  be  a  compound  ot  hy« 
droguret  and  bihydroguret  of  carbon  mixed  with  carfaoiiic 
oxide. 
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XL  Chsrcotl  has  been  used  with  several  views  in  medi-  Chai>.ul 
le.  At  one  time  it  was  given  internally  in  consumption  as  Medieai 
a  deoxidizing  remedy,  under  the  influence  of  the  theory,  2j[![!^ 
tbc  this  disease  depended  upon  the  superoxygenation  of  die 
kbod.    It  has  been  recommended  very  highly  for  the  cure 
of  intermittent  fever.  Its  antiseptic  powers  make  it  a  proper 
japcdient  in  poultices  for  gangrene,  and  sloughing  or  fetid 
okera.  The  same  power  renders  it  one  of  the  best  tooth 
powders  that  can  be  used,  more  especially  for  carious  teeth. 


SECTION  11. 

OP  BORON. 

L  Boron  may  be  obtained  by  the  following  process:  Boron; 
Expose  equal  parts  of  boracic  acid,*  obtained  as  pure  as  ^^^^* 
poosiUe,  and  potassium,  placed  alternately  in  a  copper 
tube,  for  some  minutes,  to  an  obscure  red  heat,  in  a  small 
brnace.  Upon  withdrawing  the  heat,  there  is  found  in  the 
tube  an  eartny  looking  matter,  which  must  be  treated  widi 
Water,  until  every  thing  soluble  be  taken  up:  the  residue, 
after  being  washed  repeatedly,  until  the  water  comes  off 
imaltered,  is  to  be  dried  in  a  capsule  at  a  moderate  heat: 
it  is  now  pure  boron. 

II.  Boracic  acid  is  a  compound  of  the  substance  under  EzpUnft- 
description  and  oxygen.  Potassium  is  an  ingredient  in  the  ^°"  ^^^^ 
vegetable  alkali  potash,  and  is  found  to  have  a  very  strong 
tendency  to  combine  with  oxygen.  Now  this  substance  com- 
bines with  the  oxygen  of  part  of  the  boracic  acid,  and  be- 
comes converted  into  pure  potash;  while  the  peculiar  sub- 
stance called  boron  is  liberated  from  combination.  Part  of 
the  potash  formed  remains  pure,  and  part  combines  with  the 
boracic  acid  not  yet  decomposed,  forming  the  compound 
called  borate  of  potash.  Upon  washing  the  product,  these 
latter  substances,  being  soluble,  are  removed;  and  what  re- 
mains when  dried  is  pure  boron. 

III.  Although  Sir  H.  Davy  had  reason  to.  believe  that  DiscoTciv. 
he  had  decomposed  the  boracic  acid,  when  he  exposed  it  to 
the  action  of  galvanic  electricity  in  1 807;  yet  the  discovery 
of  boron  belongs  to  Gay-Lussac  and  Thenard,  who  were 
the  first  chemists  who  put  its  existence  beyond  doubt,  by 
decomposing  boracic  acid,  and  afterwards  recomposing  it 
from  its  constituents. 


ftctd  it  &  sour  sobstance  obtained  br  decomposing  bora:c. 
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IV.  Boron  is  a  brownish-green  solid,  destitute  of 
taste,  and  producing  no  effect  upon  vegetable  blues.  It  is 
infusible  and  not  volatilizable  at  a  very  intense  heat.  It  is 
insoluble  in  water,  alcohol  (strong  spirit  of  wine),  ether  or 
the  oils,  whether  hot  or  cold.  Its  specific  gravi^  has  not 
been  accurately  ascertained. 

V.  Upon  exposure  to  a  cherry  red  heat  in  the  open  air, 
boron  takes  fire,  and  burns  for  some  time.  Its  surface,  bjr 
the  absorption  of  oxygen,  is  converted  into  boracic  acid, 
which  vitrifirs  by  the  heat,  and  thereby  puts  a  stop  to  the 
combustion.  The  crust  of  acid  thus  formed  may  be  dissolv- 
ed off,  and  what  remains  is  boron,  not  yet  acted  upon.  By 
alternate  combustions  and  solutions,  the  whole  of  the  boron 
may  be  converted  into  boracic  acid.  From  this  statement 
the  inference  may  be  drawn,  that  boron,  during  combustion, 
combines  with  oxygen  and  forms  boracic  acid.  The  account 
of  this  acid  will  be  deferred  until  the  class  of  acids  come 
under  consideration. 

VI.  According  to  Gay-Lussac  and  Thenard,  boron  does 
not  bum  in  perfectly  dry  chlorine;  but  according  to  Sir  H. 
Davy,  it  bums  in  this  supporter  with  a  brilliant  white 
flame. 

VII.  Boron  combines  with  the  radical  of  the  acid  of  fluor 
spar,  or  fluorine,  and  forms  an  acid  compound,  which  will 
be  treated  of  under  the  head  of  acids. 


SECTION  IIL 


OP  PHOSPHORUS. 

Phospho-  •  I.  Phosphorus  may  be  obtained  by  the  following  process: 
2Ji^^  Mix  100  parts  of  calcined  or  bumt  bones,  reduced  to  fine 
powdi  r,  and  diluted  with  four  times  their  weight  of  water, 
with  40  parts  of  oil  of  vitriol,  in  a  porcelain  or  stoneware 
basin:  the  mixture  grows  hot,  and  a  number  of  air-bubbles 
escape.  Stir  the  mixture  occasionally,  and  at  the  end  of 
twenty-four  hours,  pass  it  through  a  filter  of  linen  cloth. 
Calcined  bones  are  composed  of  a  sour  compound  (consist- 
ing of  phosphorus  and  oxygen,  and  called  phosphoric  acid) 
united  with  lime.  The  oil  of  vitriol,  by  its  action,  has  the  ef- 
fect of  detaching  fronf  combination  with  the  phosphoric  acid, 
nearly  all  the  lime;  with  which  it  forms  a  compound, 
which  renders  the  mixture  turbid,  it  being  of  an  insoluble 
nature.   By  throwing  the  whole  upon  a  linen  filter,  the 
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anlnble  compound  is  retained,  while  a  transparent  liquid,  Cwaf.  in. 
coosiating  of  phosphoric  acid  combined  with  a  small  portion  "'"'*'''' 
of  lime  and  dissolved  in  water,  passes  through.  The  next 
tfep  in  the  process  is  to  add  gradually  to  the  liquid  thus 
obciiDed,  a  solution  of  the  nitrate  of  lead  (a  compound  of 
aitric  acid  (aqua  fortis)  and  oxide  of  lead)  as  long  as  any 
white  pow«ler  is  thrown  down:  the  consequence  of  this  ad- 
didoo  is,  that  the  nitric  acid  combines  with  the  lime,  which 
it  holds  in  solution;  while  the  oxide  of  lead  unites  with  the 
phosphoric  acid,  and  falls  in  the  form  of  an  insoluble 
powder.  This  insoluble  compound  of  phosphoric  acid  and 
oude  of  lead,  called  by  the  chemists  phosphate  of  leady 
most  be  separated  by  the  filter,  washed,  and  dried*  Then 
mix  it  with  one-eighth  of  its  weight  of  charcoal  powder, 
and  expose  it  gradually,  by  means  of  a  furnace,  to  a  white 
beat  in  an  earthenware  retort,  whose  beak  is  plunged  under 
water.  For  some  time  bubbles  uf  air,  which  occasionally 
inflame,  break  from  the  surface  of  the  water;  at  a  particu- 
lar temperature,  the  phosphate  of  lead  becomes  decomposed; 
die  charcoal  abstracts  all  the  oxygen  which  it  contains,  and 
ffies  off  in  the  form  of  carbonic  acid;*  so  that  nothing  is  left 
bat  lead  and  phosphorus.  The  lead  remains  in  the  retort  in 
s  sute  of  fusion,  while  the  phosphorus  is  driven  forward 
in  the  state  of  vapour,  and  drops  from  its  beak  into  the 
water. 

II.  Phosphorus  was  accidentally  discovered  by  Brandt,  a  its  difcove- 
chemist  of  Hamburgh,  in  1669,  while  attempting  to  extract  [*?  •'"'' 
from  human  urine  a  substance  capable  of  converting  silver 
into  gold.    In  1674,  it  was  again  discovered  by  Kunkle,  a 
German  chemist,  although  all  he  knew  of  Brandt's  process 
was  the  animal  fluid  which  was  employed  in  it. 

Boyle,  by  his  own  account,  also  discovered  phosphorus, 
and  communicated  his  process  to  his  assistant,  Godfrey 
Hankwitz,  a  London  apothecary,  who  continued  for  many 
years  to  supply  all  Europe  with  this  substance. 

In  1737,  a  person  appeared  in  Paris  who  asserted  that  he 
could  make  phosphorus.  Several  members  of  the  French 
academy  witnessed  his  process,  for  communicating  which 
he  was  rewarded  by  the  French  government.  It  was  a  very 
tedious  one,  consisting  in  evaporating  putrid  urine,  and 
produced  only  small  quantities  of  phosphorus  at  a  time. 

Soon  after  this  period,  Margraff  published  a  more  expe- 
ditious process  for  obtaining  phosphorus,  which  consisted 
in  mixing  inspissated  urine  with  a  salt  of  lead.  In  this  way 


*  The  reader  is  presumed  to  know  the  constituents  of  carb(  uic  acid,  thej 
hsfiDg  been  giTca  under  the  head  of  Charcoal,  p.  31. 
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Book  T.   he  proved  that  urine  contained  a  substance,  which,  when 
Diviiionl.  mixed  with  charcoal,  produced  phosphorus* 
Eziitt  in         The  next  step  in  the  investigation  of  phosphorus  was  the 
^^^^        discovery  of  its  existence  in  bones,  made  by  Gahn*  Thb 
was  followed  by  Scheele's  inventing  a  process  by  which 
phosphorus  might  be  obtained  from  these  animal  subatancei* 
Proper-         IIL  Phosphorus  is  a  white  substance;  and,  when  per* 
^^  fecdy  pure,  is  transparent  and  nearly  colourless;  but   as 

usually  procured,  it  is  of  a  bright  amber  colour,  and  aerni* 
transparent*  After  having  been  kept  for  some  time  under 
water,  it  assumes  the  appearance  of  white  wax*   Whem 
heated  to  the  temperature  of  148^,  it  takes  fire,  burning 
with  a  very  bright  flame*    By  combustion  in  atmospheiic 
air  or  oxygen  gas,  it  is  converted  into  an  add  compound 
called  phosphoric  acid*   By  mere  exposure  to  the  air,  it 
undergoes  a  kind  of  slow  combustion;  and  an  acid  com* 
pound  is  formed,  which  is  now  generally  considered  to  be  a 
mixture  of  phosphoric  acid,  and  another  acid  of  phos- 
phorus called  phosphorous  acid. 
Spe^gnr.     IV*  Phosphorus  is  a  little  more  than  one  and  three-feuitii 
1-77&.     times  as  heavy  as  water*  Its  melting  point  is  at  the  tempe- 
rature of  108^.  When  air  is  excluded,  it  evaporates  at  219^y 
and  boils  at  554>^* 
CombuieB       V*  Phosphorus  combines  with  oxygen  in  four  propof^ 
^^^.  ^'   tions,  and  forms  compounds  which  are  distinguished  by  die 
p^^.      following  names: 
^on».  Oxide  of  phoephorus. 

Hypophosphorous  acid* 
Phosphorous  acid* 
Phosphoric  acid* 
The  three  last  mentioned  compounds  being  acids,  their 
description  will  be  deferred  until  the  class  of  acids  come  to 
be  treated  of*    The  oxide  of  phosphorus  will  be  noticed  in 
this  place* 
Glide  of         1*  Oxide  of  phosphorus  may  be  obtained  in  the  following 
P^ho-    manner:  Expose  a  small  quantity  of  phosphorus  to  the  heat 

rut:  how        ri^'i*  ^        •  i  l  i_-^ 

obmlii^     of  boilmg  water  m  a  long  narrow  tube;  a  white  vapour 
arises,  and  condenses  on  the  inside  of  the  tube:  this  consti- 
tutes the  oxide  in  question*   It  contains  less  oxygen  than 
the  acid  compounds  of  phosphorus  and  oxygen:  its  properttea 
have  not  been  ascertained. 
Pkotpborot     VI.  Phosphorus  combines  in  two  proportions  with  chlo- 
^?poun4«  ^^^9  <^  forms  compounds  distinguished  by  the  names  of 
wiUi  chto-  protrochloride  and  perchloride  of  phosphorus* 
?*Proto-        ^'  Protochioride  of  phosphorus  is  obtained  by  passing 
ehioridc:     the  vapouT  of  phosphorus  through  heated  corrosive  auUi- 
bow  ob-     mate  (a  compound  of  chlorine  and  mercury)  in  a  glass  or 
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ptrceUin  tube,  to  one  end  of  which  a  receiver  is  luted.  A  Cvat.  m. 
iquid  collects  in  the  receiver,  which  consists  of  this  proto-  ~ 
cUoridc. 

S.  This  chloride  was  first  made  in  quantities  and  eza-  OSnotwy. 
by  Gay-Lussac  and  Thenard;  but  its  real  constituents 
first  demonstrated  by  Sir  H.  Davy. 

5.  Piticochloride  of  phosphorus  is  a  colourless  liquid,  of  Propertiei. 
an  acid  and  very  caustic  taste.  It  smokes  strongly  in  the 
open  air;  but  in  close  vessels  it  remains  unaltered.  When 
dropped  into  water,  this  liquid  is  decomposed,  Snd  its  con- 
stitucnu  uniting  to  the  constituents  of  the  chloride,  form 
hydrodiloric  (muriatic)  acid,  and  phosphorous  acid.  It  is  Spec.  grtr. 
nearly  one  and  a  half  times  as  heavy  as  water.  ^  '^- 

4.  Frotochloride  of  phosphorus  is  composed  of  Compoii- 

Phosphorus  12  **■• 

Chlorine  43*  (nearly) 

SS 
]«  PerMotide  of  pho9phorua  may  be  obtained  by  bum-s.  Perehio- 
ing  phosphorus  in  dr>'  chlorine  gas.  '*^  ^ 

5.  It  is  an  exceedingly  volatile  substance  of   a  snow-  PropertieiL 
white  colour.  Its  vapour  reddens  litmus  paper;  from  which  it 

would  appear  that  it  possesses  acid  properties.  It  decom- 
poses water  with  great  energy,  and  combines  with  its  con- 
stituents in  such  a  way  as  to  form  hydrochloric  (muriatic) 
acid,  and  the  phosphoric  acid.  Although  a  product  of  com- 
bustion, it  is  still  capal}le  of  undergoing  that  process;  when 
in  the  form  of  vapour,  it  bums,  when  lighted,  in  the 
open  air. 

3.  Pcrchloride  of  phosphorus  is  composed  of  CompoiU 

Phosphorus  12  ^°"- 

Chlorine  80* 

92.— So  that  it  appears 

that   this  chloride  contains  somewhat  less  than  twice  as 

much  chlorine  as  the  protochloride. 

VII.    Phosphorus  combines  in  two    proportions    with  Photpliorus 

iodine,  and  forms  the  compounds  called  by  l^r.  Thomson,  ^'|^p'o^j][^ 

protiodide  and  periodide  of  phosphorus.  These  iodides  were  with  iodine 

first  noticed  by  Sir  H.  Davy;  but  Gay-Lussac  was  the  first 

chemist  who  subjected  them  to  an  accurate  examination. 

1.  Protiodide  of  phosphorus  may  be  formed  by  mixing  i.  Protio- 
dide: hOJtr 

fna»m«»H 

*  The  above  analjM  does  not  aeoord  with  the  tbeorj  of  definite  proportions. 
Hcremtter  creiy  analyias,  which  ii  at  TMriance  « itii  this  theory,  until  the  i-eader 
ii  made  aeqaunted  with  it,  viU  he  distinguished  by  an  asterisk.  This  mark  ol 
diitincCjoB  the  reeder  wQl  find  conTeoieiit  when  he  eomes  to  apply  the  theoTT 
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Book  I.   together  in  a  glan  tube,  1  part  of  phosphorus,  and  10^1 

DjTMJonL  pg]-^  of  iodine;  the  combination  takes  place  rapidly  with  die 
evolution  of  much  heat,  but  no  light. 

Properties.  2.  It  is  a  solid  substance  of  a  reddish-brown  colour.  Its 
melting  point  is  at  the  temperature  of  SI  3°.  When  throWB 
into  water,  it  decomposes  diat  liquid,  and  at  the  same  time 
is  converted  into  hydriodic  acid  and  phosphoric  acid* 

Compeei-        ^*  Protiodide  of  phosphorus  is  composed  of 

tkm.  Phosphorus  12 

Iodine  125 

137 
2.  Ferio.         U  Pcrtodide  of  phosphorus  may  be  prepared  by  mixing 
^b*^'  ^Z    ^'^fS^^^^  ^  P^^  ^^  phosphorus  and   20-82  parts  of  iodine; 

they  combine  with  violence  and  with  the  evolution  of  % 

great  deal  of  heat* 
Propertiet.      2-  I^  ^^  a  solid  substance  of  a  black  colour.  Its  melting 

point  is  at  the  temperature  of  115^«  It  dissolves  in  water 

with  the  evolution  of  much  heat;  being  at  the  same  time 

decomposed* 
Compoii-        3.  Periodide  of  phosphorus  is  composed  of 
^'^^  Phosphorus         12 

Iodine  250 

262— so  that  it  appears 

that  the  periodide  contains  exacdy  twice  as  much  iocUne 

as  the  protiodide* 

Phoipbonu       VIII*    Phosphorus   dissolves  in   small    proportion  in 

^H^resio  azote.  The  combination  is  attended  by  a  small  increase  of 

bulk* 

Effeetsof        IX.  Phosphorus  may  be  melted  and  sublimed  in  protoz- 

v^^f^^^^    ide  of  azote  (nitrous  oxide)  or  even  touched  while  in  that 

it;*    ^^  gas  with  a  red  hot  iron,  without  alteration;  but  if  a  wire 

heated  to  whiteness,  be  presented  to  the  phosphorus,  it  takes 

fire  and  explodes;  the  products  being  azotic  gas,  and  nitric 

and  phosphoric  acids. 

and  of  chlo-     X.  Phosphorus,  brought  in  contact  with  chloride  of  azote, 

1^^^       explodes  violendy.  It  has  not  been  possible  to  collect  the 

products. 
Forms  two      XI.  Phosphorus  combines  in  two  proportions  with  hy* 
wiUi^dro^  drogcn,  and  forms  compounds,  which  Dr.  Thomson  caUs 
geo.  hydroguret  and  bihydroguret  of  phosphorus. 

1.  Hydro-  1.  Hydroguret  of  phosphorus^  or  phosphuretted  hydrogen 
1^^  as  it  is  usuadly  called,  may  be  obtained  in  the  following  man- 
niB  hovT  nci'*  Throw  into  a  small  retort,  filled  with  water  acidulat- 
obtained.  ed  with  hydrochloric  (muriatic)  acid,  a  portion  of  the  com- 
pound formed  of  phosphorus  and  lime,  which  has  been 
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coefiilly  scduded  from  the  air;  a  quantity  of  gas  is  imme-  Cbap.  ui. 
£ately  extricated,  which  must  be  collected  over   water* 
This  gas  is  the  hydroguret  of  phosphorus. 

2.  Hydroguret  of  phosphorus  was  discovered  in  1783  by  DiMoreiy. 
GcDgembre,  while  heating  a  mixture  of  liquid  potash  and 
phosphorus  in  a  small  retort* 

3*  It  is  in  the  form  of  a  colourless  and  elastic  fluid.  Its  Propertiet. 
smell  is  similar  to  that  of  onioos;  its  taste  exceedingly  bit- 
ten It  is  somewhat  lighter  than  atmospheric  air.  \Vhen  it  ^P^^v^^* 
comes  in  contact  with  common  air,  it  takes  fire  sponta-    ^'^^^ 
neously  and  bums  with  great  splendour.    In  chlorine  gas 
it  bums  with  a  greenish  yellow  flame;  the  products  being 
hydrochloric  (muriatic)  acid  and  chloride  of  phosphorus* 
Water  saturated  with  it  contains  rather  more  than  two  per 
cent*;  and  acquires  a  yellow  colour,  an  intensely  bitter  taste, 
and  a  smell  similar  to  that  of  the  gas. 

4m  Hydroguret  of  phosphorus  is  composed  of  Compoii- 

Phosphorus         12  ****• 

Hydrogen  1 

13 

1*  Bihydroguret  of  phosphorus  may  be  obtained  by  ex-  Blfajdrogat 
posing  hydroguret  of  phosphorus  to  the  action  of  the  direct  ^^J  .*»^ 
rays  of  the  sun:  phosphorus  is  thereby  deposited  and  the 
gas  is  converted  into  this  hydroguret. 

2.  Bihydroguret  of  phosphorus  was  first  particularly  ex- 
amined in  1812,  by  Sir  H.  Davy,  by  whom  it  was  obtained 
by  exposing  crystallized  phosphorous  acid  to  heat. 

3.  It  is  in  the  form  of  a  colourless  and  elastic  fluid.  Its  Properties 
smell  is  similar  to  that  of  hydroguret  of  phosphorus,  but 

not  so  disagreeable.  It  is  very  nearly  as  heavy  as  atmos- 
pheric air.  It  does  not  bum  spontaneously  in  atmospheric 
air  or  oxygf  n  gas;  but  when  heated  to  the  temperature  of 
300^  in  either  of  them  it  explodes,  the  products  being  wa- 
ter and  phosphoric  acid.  When  mixed  with  chlorine,  a  spon- 
taneous combustion  takes  place,  attended  with  a  white  flame. 
The  products  are  hydrochloric  (muriatic)  acid  and  chloride 
of  phosphorus.  It  is  absorbables  by  water,  which  when  sa- 
turated contains  one-eight  of  its  bulk  of  the  gas. 

4.  Bihydroguret  of  phosphorus  is  composed  of  Composi- 

Phosphorus         12  tion. 

Hydrogen  2 

14. — So  that  it  appears 
that  the  bihydroguret  contains  twice  as  much  hydrogen  as 
the  hydroguret. 
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Book  l       5.  Mr.  Dalton  does  not  admit  of  the  existence  of  Mm 
Pifiaop  I.  hydroguret.  This  chemist  considers  that  there  is  but  one 
d  ^^°h^   combination  of  phosphorus  and  hydrogen;  and  that,  the  ooe 
Mton.  ^  ^which  has  just  been  described  under  the  name  of  hydrogu* 
ret  of  phosphorus;  that  when  it  is  obtained  from  phosphuret 
of  lime,  which  has  been  exposed  even  for  a  few  boon  to 
the  atmosphere,  it  is  liable  to  be  more  or  less  contami- 
nated with  free  hydrogen;  and  that  the  bihf  droguret  ef 
phosphorus  is  hydroguret  of  phosphorus,  mixed  wiA  a 
variable  quantity  of  free  hydrogen.* 
Combiu-        XII.  Phosphorus  is  a  ver}'  combustible  substance.  When 
^hMDho-    ^^*^®^  ^  ^^^  temperature  of  148<>,  in  the  open  air,  it  com* 
nu:  bines  rapidly  with  oxygen;  the  action  being  attended  by  a 

vivid  combustion.  Under  such  circumstances,  phospbonis 
pTodact,  combines  with  the  largest  dose  of  oxygen  with  which  it  is 
ptioBphorio  capable  of  uniting,  and  forms  the  acid  called  phosphoric 

acid,  already  mentioned. 
Medical  XIII.  Phosphorus  has  never  been  used  extensively  in 

Ef?S!!S*  medicine;  and  vet,  from  its  active  properties,  there  is  rca- 

OfpoOipbO-  ^ii-  *i.  •!•  r   t    • 

rus.  son  to  beheve,  that  it  might  be  very  useful  m  many  cases 

of  disease.  When  taken  in  the  dose  of  from  one-eighth  to 
one-fourth  of  a  grain,  rubbed  up  with  some  mucilage  of  gum 
arabic,  it  produces  great  heat  about  the  stomach,  and  occa- 
sionally violent  purging.  It  has  been  used  in  France,  as 
well  as  in  this  country,  as  a  stimulant  in  low  fevers;  but  it 
would  appear  that  the  success  was  not  very  encouraging. 
In  debility  of  the  sexual  organs,  it  it  said  to  have  been  us^ 
with  advantage. 

The  effects  of  this  substance  upon  the  system  deserve  to 
be  particularly  investigated.  It  is  not  important  to  know  in 
what  diseases  it  has  been  tried;  but  if  a  complete  history  of 
its  effects  was  made  out,  it  would  enable  practitioners  to 
know  what  results  they  had  a  right  to  expect  from  it,  and 
to  use  it  accordingly. 


SPCTION  IV. 

OF  SULPHUR, 

(Commonly  called  BnmttoneJ) 

Solphor:         I.  SuLPHUR  may  be  easily  obtained  by  distilling  the  nu- 
tiined^      ncral  called  pyrites-f  It  rises  in  a  state  of  vapour,  and  may 

be  made  to  deposite  in  proper  receivers.  In  this  state  it  is 

called  flowers  of  sulphur. 

*  See  Dalton  on  Phoipharetted  Hydrogen.  Thomson*!  Annali,  xi.  7. 
t  Metallic  combinatioDiy  containing  a  Terj  large  proporiioii  of  •olpbar. 


li  itnmd  aativc  ihnndtly,  wpwlrily  in  the  Oum,m. 
of  vdIchiocs*  - 

L  It  ii  a  iMurd  brittk  sobttaiice  of  a  greennh  ydlow  FrapaHte 
V  mtbovt  anf  smdl,  but  posMtuag  •  weak  taaie.  It 
wirh— grrt  in  the  opeo  air,  and  it  inaolulria  in  water. 
IV*  It  m  Mrljr  twice  aa  heavy  aa  water.  Ita  aMlting  apM.  ■»▼. 
ia  aa  the  tea^MTatare  of  918**  iwn. 


V.  Whan  heated  in  the  open  air  to  the  teiaperatara  of  laaoBboi- 


MO*,  a  taaad  conririnaiion  with  oxygen  takea  place,  attend*  ^^ 
cd  by  all  me  ohenonicna  of  combuatioD;  while  at  the  aame 
i3mm^  faaaaa  ot  a  aaflbcadng  cKloor  are  emitted*  The  fame 
ia  off  a  pde  blue  colour.  If  the  combuation  be  perfonned  in 

ike  product  ia  found  to  be  an  acid,  which  ia  pMAwtwi 
Iqr  ^eaaiata  the  aulphuroua  add.    Bcaidea  this  acid  *'^' 
fay  combuation,  aulphur  forma  with  oxygen  two 
wUch  are  mlled  hypoaulphuroaa  and  aulphuric 
The  laat  mentioned  acid,  in  common  hmgnage,  ia 
caBed  oil  of  vitriol.  Theae  acid  compounda  will  be  d^crib^ 
•d  hereafter  under  the  head  of  acida. 
VL  Snlphnr  cooabinea  in  one  proportion  with  chlorine,  Twom  one 
chloride  of  aulphur.  .     ^^ 

t»  Chloride  of  aulphur  mmy  be  obtained  by  paaaing  a  cur-  rfoe. 
'  BfalariBe  Aroogh  flowera  of  aulphur;  or  by  ^'^'^('Sm'I^w?  ^ 
aalplmr  in  n  dhy  riaaa  veaad  containing  chlorine.  bow  obtd» 

S.  It  ia  in  Ae  form  of  a  liquid,  of  a  browniah  red  colour  ^• 
or  of  a  yellowish  green,  according  as  it  is  viewed  by  re-    '•P'^*'*** 
fleeted  or  tranamitted  light.    Its  smell  is  strong  and  some- 
what umilar  to  that  of  sea  plants.  Its  taste  is  acid,  hot  and 
bitter,  affecting  the  throat  with  a  painful  tickling.  It  smokes 
very  much  in  the  open  air;  and  the  eyes  when  exposed  to  its 
vapom*,  become  filled  with  tears,  and  are  affected  with  that 
amarung  sensation,  produced  by  smoke.*  It  changes  the  co- 
lour of  flM>i8t  litmus  paper  to  red.  It  is  about  onie  and  Spee.  ^n^. 
thrce^feurth  times  as  heavy  as  water.  ^'^' 

3.  Chloride  of  sulphur  is  composed  of  ComposT- 

Sulphur         16  '~"* 

Chlorine       36 
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VII.  Sulphur  combines  in  one  proportion  with  iodine.  Forms  one 
and  forms  iodide  of  sulphur.  ^thiodlne. 

1.  Iodide  of  sulphur  may  be  easily  formed  by  mixing 
together  its  constituents,  and  exposing- them  to  a  heat  suf- 
ficient to  melt  the  sulphur. 

2.  It  is  of  a  greyish  black  colour,  and  radiated  struc- 
ture. It  was  firat  described  by  Gay-Lussac« 

E 
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Book  I.  VIII.  Sulphur  combines  in  two  proportions  with  hydro* 
Divbion  I.  ^^^^  ^nd  forms  compounds,  which  arc  generally  known  by 
Salphar  the  names  of  supers ulphuretted  hydrogen,  and  sulphuretted 
emnpoandi  hydrogen.  Sulphuretted  hydrogen  possesses  all  the  proper- 
vith  hydro-  ties  of  an  acid;  while  the  supersulphurctted  hydrogen  has 
^"'  the  characteristic  property  of  that  class  of  chemical  bodies, 

which  lire    in  as  much  as  it  forms  compounds  analogous  to  salts  with 
to^odr '    ^^^^^^^^^^  bases.   Both  these  compounds  will  be  described 
among  the  acids,  under  the  names  of  hydrosulphurous  and 
hydrosulphuric  acids, 
ftndone  IX.  Sulphur  combines  with  carbon,  and  forms  the  com- 

^^^r^^  pound  called  sulphuret  of  carbon. 

bon.  1.  Sulphuret  of  carbon  may  be  obtained  by  the  following 

^iphuret  process:  Place  a  porcelain  tube,  filled  with  charcoal,  through 
how  obtain-  a  fumace,  fixed  in  an  inclined  position.  Lute  to  its  lower 
^-  extremity  a  glass  tube  of  such  a  shape  that  it  may  be  passed 

into  a  bottle  of  water;  to  the  other  end,  lute  another  glass 
tube,  containing  bits  of  sulphur,  and  furnished  with  a  wire 
fixed  in  such  a  way  as  to  admit  of  being  used  to  push 
the  sulphur  forward,  without  admitting  the  air.  Heat  the 
charcoal  to  redness,  and  continue  it  at  that  temperature, 
until  bubbles  of  air  cease  to  be  disengaged;  then  push  the 
sulphur  by  means  of  the  wire  into  the  porcelain  tube*  A 
substance  will  pass  into  the  bottle  and  condense  under  the 
water:  this  substance  is  the  sulphuret  of  carbon. 
Properties.  2.  Sulphuret  of  carbon  is  a  transparent  and  colourless 
liquid,  of  an  acrid,  pungent  and  somewhat  aromatic  taste; 
and  nauseous,  fetid,  and  quite  peculiar  smell.  It  is  one  of 
the  most  volatile  liquids  known.  It  was  first  obtained  in 
1796  by  Lampadius,  upon  distilling  a  mixture  of  pyrites 
and  sulphur.  This  chemist  supposed  it  to  be  a  compound 
Spec  grar.  of  sulphur  and  hydrogen.  It  is  somewhat  more  than  one 
1*878.  Qn^  one-fourth  times  as  heavy  as  water.  Its  boiling  point  is 
between  the  temperature  of  105^  and  1 10<>.  It  does  not  con- 
g(;al  when  cooled  down  to  —  60°.  It  produces  a  greater  cold 
by  its  evaporation,  than  any  other  substance  known.  The 
mercury  in  a  thermometer,  whose  bulb  is  enveloped  in  fine 
lint  wetted  by  it,  sinks  from  60<>  to  about  zero.  In  a  re- 
ceiver of  an  air  pump,  which  is  rapidly  exhausted  of  air, 
a  thermometer  under  the  same  circumstances  sinks  to  —  82^ 
in  the  course  of  a  few  minutes.  When  raised  to  a  certain 
temperature  in  the  open  air,  it  burns  with  a  blue  flame: 
the  products  being  sulphurous  acid,  carbonic  oxide  and  car- 
bonic acid. 
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S.  Sulphnret  of  cariwo  is  compascd  of  Ciy.  nt 

Salphar        33  Compoii. 

Canxm  G  t^- 
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X*  Sdphur  oomlrinefl  with  phosphorus,  and  forms  sol-  Sidpliiir 
fknret  of  pliosphonis.  This  solphuret  is  readily  formed  by  ^'^^jk^jL 
■dtiBg  itt^coDstituciits  together  under  water.    The  heat^boralk 
most  be  s|ipKed  cautiously,  llie  constituents  of  this  sulphn* 
ret  mute  m  Tarious  proportions. 

Xl»  Sahhiir  furnishes  the  physician  with  a  Tcry  valuable  Sajgfcwy 
laxative.   It  appears*  [larticularly  suited  for  hgmmrhoidal  yiJP- 
afSectiaBB*  In  psora,  when  mixed  with  some  mild  ointment, 
it  coBstituiea  one  of  the  best  external  applications. 


SECTION  V. 

OP  AB8ENKX 

L  Asasmc  mar  be  obtained  pure  by  the  following  pro-  Antnioi 
as:  Expose  a  mixture  of  tiiro  parts  of  white  arsenic  (alffl^ 
oompomid  of  oxygen  and  arsenicj  with  one.  part  of  black 
lax,*  to  a  gende  heat;  the  flux  separates  the  oxygen  from 
the  white  arsenic,  which  is  thereby  reduced  to  a  state  of 
purity,  and  then  slowly  sublimes. 

II.  Arsenic,  generally  combined  with  sulphur  or  oxygen.  Where 
is   found  principally  in  Germany.    It  has  been  found  in^*''^^ 
some  parts  of  the  United  States;  combined  with  iron  near 
Boston;  with  mckel  in  Mar>'land;  and  with  cobalt  in  Con- 
necticut*! 

III.  It  is  a  metallic  substance  of  a  bluish  white  colour  Propeniei. 
and  considerable  brilliancy.  When  cold  it  has  no  smell;  but 

when  heated  it  emits  an  odour  resembling  that  of  garlic.  It 
is  the  softest  of  all  the  metals;  and  so  brittle  that  it  may  be 
reduced  to  powder  in  a  mortar.  When  exposed  to  the  air, 
it  loses  its  lustre,  turns  black  and  falls  to  powder;  but  un- 
der watet*  it  remains  unaltered. 

IV.  It  is  somewhat  less  than  eight  and  one-third  times  Spec.  grar. 
as  heavy  as  water.  Its  fusing  point  is  not  known,  in  conse-      ^'^^^ 
quence  of  its  subliming  before  fusion. 


*  Flux  it  a  term  a|»plied  to  sobstaneet,  used  by  chemists  to  facilitate  tlie  fusion 
oTiDctala,  or  the  redoetiony  to  the  metallic  state,  of  metallic  ores.  The  black  fliyc 
is  made  by  detooatiiig  ooe  part  of  nitre  and  two  parU  of  tartar  together  in  «n 
ifsited  crucible. 

t  See  GleaTdaiid^  Blineralc^. 
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Book  L       V*  Arsenic  burns  with  a  pale  blue  flame.    The  product 
DiviMOP  I.  q{  xhc  combustion  is  an  acid. 

Forms  two  VI.  Arsenic  combines  in  two  proportions  with  oxygen* 
•cid  eom-  ^jjj  forms  compounds  having  acid  properties.  They  are 
wiUioxy-  called  by  chemists  the  arsenious  acid  and  arsenic  acid.  The 
9^'  former  is  that  which  is  formed  during  combustion;  they 

will  be  described  hereafter  under  the  head  of  acids. 
Fonnt  OM      VII.  Arsenic  combines  in  one  proportion  with  chlorine* 


SiSJdSo?  ^^  fonns  chloride  of  arsenic. 

rine.^  ^        1*  Chloride  of  arsenic,  formerly  called  butter  of  arsenicy 

Chiondeofinay  be  obtained  by  distilling  a  mixture  of  six  parts  of  cor- 

3J2J5j.     "»ive  sublimate  (a  chloride  of  mercury)  and  one  part  of 

arsenic,  with  a  gentle  heat;  the  chloride  in  question  passes 

over,  and  may  be  collected  in  a  receiver. 

Properties.      2.  Chloride  of  arsenic  is  a  volatile  transparent  liquid  of 

the  consistence  of  oil.    It  is  decomposed  by  being  mixed 

with  water;  arsenious  acid  being  precipitated. 

Arsenic  VIII.  Arscnic  combines  with  iodine  and  forms  iodide  of 

iHtfaJodiDe  3^*'i*>c.  It  may  be  prepared  by  bringing  its  constituents  into 

contact,  whereupon  they  unite  readily*  This  iodide  is  of  a 

dark  purple  red  colour.  It  possesses  acid  properties. 

and  with  IX.  Arsenic  has  the  property  of  combining  with  hydro- 

bydroBen.   ^^^^  ^^^  forms  the  compound  called  arsenuretted  hydrogen. 

Anenuret^       U  Arsenuretted  hydrogen  may  be  obtained  very  readily 

M^how^  ^y  pouring  sulphuric  acid  (oil  of  vitriol)  diluted  with  twice 

obtained,     its  weight  of  water,  upon  a  mixture  of  four  parts  of  zinc 

and  one  of  arsenic:  a  gas  is  immediately  extricated.  This  gas 

is  arsenuretted  hydrogen.  It  becomes  formed  in  consequence 

of  the  decomposition  of  water;  the  hydrogen  of  that  liquid^ 

'just  at  the  moment  of  its  formation,  comes  in  contact  widi 

the  arsenic  and  dissolves  it  in  minute  proportion. 

Properties.      2«  Arsenuretted  hydrogen  is  a  colourless  and  elastic  fluid 

like  common  air.  Its  smell  is  nauseous.    When  drawn  into 

the  lungs  it  produces  very  deleterious  effects.    It  is  capable 

of  combustion.  When  set  on  fire,  it  burns  with  a  blue  flame. 

It  was  discovered  by  Scheele  during  his  experiments  upon 

arsenic. 

Arsenic  X.  Arsenic  has  the  property  of  combining  with  phos- 

with  i?ho8-  phorus,  forming  the  compound  called  phosphuret  of  arsenic* 

pborut;       It  may  be  obtained  by  distilling  a  mixture  of  equal  parts  of 

its  constituents  over  a  moderate  fire.    This  compound  has 

a  brilliant  appearance  and  a  black  colour.    It  requires  to  be 

kept  under  water  for  preservation. 

and  with         XI.  Arsenic  combines  with  sulphur  and  forms  sulphuret 

sulphor.      of  arsenic. 

Salpharet    ^    !•  This  sulphuret  may  be  obtained  by  melting  together 
of  arsenic,  its  constituents  in  a  covered  crucible.  When  thus  formed 
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k ii  vtnaUf  called  fwlgv,  and  »  a  aoUd  ■iihafaaiii  <rf  a  gsat. ol 
nrkt  colour,  about  three  and  one-third  ttmea  as  heavjr  —**-*- 
iiwaaer.  It  has  ao  taate.  Hiis  sane  salphuret  may  be 
ftiaed  als9  fagr  pouriag  a  folution  of  hydroBulphorie  4Mdd 
(ad|ihiii  i  tti  d  hydrogen)  into  a  solution  of  arsenious  acid 
■  hydrochloric  (muriatic)  acid«  It  falls  in  the  £»rm  of  a 
wvdcr  of  a  fiae  jrelloir  colour.  In  this  state  the  sulphnret 
unsuaDy  called  orpiment. 

t.  Suqphuret  of  arsenic  occurs  natiTC  both  in  the  Ibrmof  FcMd  m- 
ical|^aiid  off  orpiment.  Native  orpiment  however -is  not^^ 
m  powdci^  but  composed  of  thin  plates  which  possess 
loase  itfpett  off  flczibility  • 

XIL  Aisanic,  in  the  meuUic  state,  ^«as  not  been  .applied  MtcriN 
to  say  OMdical  use;  but  the  acids  which  this  metsl  furnishes  J|^^^  "^ 
aps  ray  powerful  articles  of  the  materia  autdica.  didM. 


SECTION  VL 

OP  CHROBIIUM .• 

L  CnoxiVM  awy  be  obtained  by  the  foUowing  process:  ChrainkiiB; 
Tike  two  parts  of  the  mineralcalledchnmiateof  iron,  whidi^*  '  " 
coarists  of  an  acid  of  chromium  combined  with  an  oxide  of 
iroa,  and  expose  it,  mixed  with  one  part  of  nitrate  of  pot- 
ash (nitre),  to  the  action  of  a  strong  heat.  By  this  means, 
part  of  the  mineral  will  be  decomposed.  Digest  the  mass 
dius  altered  in  water,  until  every  thing  soluble  is  taken  up. 
Separate  this  solution  and  set  it  aside;  it  contains  nothing 
but  chromic  acid.  Treat  the  residue,  left  after  the  action  of 
the  water,  with  hydrochloric  (muriatic)  acid,  which  will 
dissolve  off  the  oxide  of  iron,  which  had  been  previously 
combined  with  the  separated  chromic  acid.  What  remains 
now  of  the  mass  is  nodiing  but  the  undecoraposed  chromate. 
Bj  repeating  the  treatment  just  detailed  a  number  of  times, 
the  mineral  is  at  last  totally  decomposed.  This  being  ef- 
fected, mix  all  the  aqueous  solutions  of  the  chromic  acid 
togcdier,  and  saturate  the  whole  by  means  of  nitric  acid 
(aqua  fbitis).  This  latter  acid  combines  only  with  the  chro- 
aiic  add,  without  unitingto  impurities,  and  may  be  made 
to  crystalUze  in  this  state  of  combination.  Separate  the 
crystids  of  the  combined  acids,  dissolve  them  in  water,  and 
mix  the  solution  with  a  solution  of  nitrate  of  mercury,  a 


*  ¥nm  xfiv^  tnkcnsn  bcaHiie  it  hat  the  propertj  of  mifhig  eoloar  to  other 
bodkt  ie  •  leBMitaUe  depee. 
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Book  L  compound  formed  of  nitric  acid  and  oxide  of  mercury.  The 
DivMJon  I.  chromic   acid  immediately  separates  the  nitric  acid  of  the 
nitrate,  combines  itself  with  the  oxide  of  mercury,  and  m 
this  state  precipitates  in  the  form  of  chromate  of  mercury* 
Expose  the  chromate  of  mercury,  after  being  well  washed, 
to  a  strong  heat  in  a  stone-ware  retort.  The  mercury  is 
thereby  volatilized,  and  nothing  remains  but  pure  chromic 
acid.  Expose  the  chromic  acid  mixed  with  charcoal  to  ft 
strong  heat  in  a  porcelain  furnace.  The  charcoal  combines 
with  the  oxygen  of  the  acid,  flying  off  in  the  form  of  carbo- 
nic acid;  while  the  pure  chromium  remains  behind. 
How  foand      II.  Chromium  in  its  pure  state  has  never  been  found  lUh 
in  nature,    ^j^^.  jj^  acidified  and  combined  with  oxide  of  lead  it  oc* 
curs  in  Siberia,  under  the  name  of  the  red  lead  ore  df 
Siberia.    The  chromate  of  iron  has  been  found  in  Francef' 
and  abundantly  near  Baltimore  in  the  United  States. 
D&eoveiy.       HI.  In  1 797  Vauquelin  ascertained  the  true  nature  of  die 
red  lead  ore  of  Siberia,  by  discovering  ths^t  it  contained  m 
metallic  body  previously  unknown.  To  this  metallic  bodfy 
he  gave  the  name  of  chromium. 
Properties.      IV,  Chromium  is  a  britde  metal,  of  a  white  colour,  in* 
termediate  between  that  of  tin  and  steel.    It  is  capable  of 
being  polished.    It  is  not  altered  when  exposed  to  air,  but 
becomes  oxidized  when  subjected  to  heat.    Acids  act  upon 
it  with  great  difficulty. 
Spec.  gra?.     V.  It  is  somewhat  less  than  six  times  as  heavy  as  water. 
^'^'      It  requires  a  very  high  temperature  to  bring  it  into  a  state 
of  fusion. 
Pormt  VI.  Chromium  combines*  with  oxygen  in  three  propor- 

*^"  dMiSh  ^^^^1  ^^^  forms  compounds  which  are  called  protoxide  of 
oxyeen;one  chromium,  deutoxide  of  chromium,  and  chromic  acid.  The 
of  which  is  last  named  compound  will  be  described  under  the  head  of 

an  acid.  •  ■  '■ 

acids. 
i.Protoxide      1.  Protoxide  of  chromium  may  be  prepared  by  exposing 
^^J^"*     chromic  acid  to  heat  in  close  vessels.  Oxygen  gas  is  driven 
off  and  the  acid  is  reduced  to  the  state  of  this  oxide.  It  has 
a  green  colour.  It  is  very  soluble  in  acids,  but  is  not  capft' 
ble  of  forifiing  salts  by  combining  with  them.    Its  exact 
composition  has  not  been  determined. 
2.  Deutox-       2.  Deutoxide  of  chromium  may  be  prepared  by  dissolv* 
•]Sdc**"*^"'*"S  the  protoxide  in  nitric  acid   (aqua  fortis),  evaporating 
the  solution  to  dryness,  and  exposing  the  dry  mass  to  heat 
until  it  cease  to  emit  nitrous  fumes.    It  is  a  brown  brilliant 
powder,  scarcely  soluble  in  potash  or  soda.  It  is  totally  in* 
soluble  in  acids,  and  consequently  incapable  of  forming 
any  salt. 


.  IMLTBOBHQJi.  aq 

-   Cmaf.IB. 

SECTION  VII. 

OP  MOLYBDENUM.* 

L  MoLTBBimrM  nurjr  be  obtained  by  the  foUowiag  pro-  Moiybdi- 
Boast  the  mhiend  called  molybdena,  which  is  a  sul-  yg^.^ 
pliMgt  of  the  metal  under  consideration,  slowly  and  repeat- 
eAy  at  a  moderate  red  heat,  until  it  is  reduced  to  the  state 
ef  a  6nc  powder*  By  this  treatment  the  sulphur  is  driven 
off*  and  me  metal  is  oxidized.  In  order  to  separate  any  im* 
polity,  dimolye  the  powder  in  pure  ammonia,  filter  tlie  so- 
lotiao  tfaoa  fermed  and  evaponUe  it  to  dryness.  The  am* 
monia  diaaolvca  the  oxide  alone,  leaving  the  impuritiesi  and 
when  die  aobidon  is  evaporated  to  dryness,  the  ammonia  is 
is  drives  off,  andliothing  remains  but  pure  oxide  of  molyb- 
denooi.  Mix  die  pure  oxide  thus  obtained  with  some  char- 
caal  powder,  ana  expose  it  to  a  violent  heati  its  oxygta 
OMnbinea  with  the  charcoal  forming  carbonic  acid,  while 
Ae  pare  molybdenum  remains  behind. 

II.  Mohrbdena,  the  mineral  from  which  molybdenum  b  Hhtsgrrf 
gmerail^  obtmned,  was  first  analyzed  by  Scheele,  who  *i***v«y- 
aMertained  it  to  be  composed  of  sulphur  and  a  white 
powder  which  possessed  acid  properties.  Bergman  sus* 
pected  that  the  acid  powder  discovered  by  Scheele  was  a 
peculiar  acid,  containing  a  metal  before  that  time  alto- 
gether unknown.  This  suspicion  was  soon  after  confirmed 

by  Hjelm,  who  had  undertaken  the  analysis  of  the  powder 
at  the  request  of  Btrgman. 

III.  Eksides  in  molybdena  (sulphuret  of  molybdenum)  Minerals  <if 
molybdenum  has  been  discovered  in  Carinthia,  in  another  |^ni%hJre 
mineral,  called  moly bdate  of  lead  (a  compound  of  an  acid  fouad. 

of  molybdenum  and  oxide  of  lead). 

Both  these  minerals  have  been  found  in  the  United 
States.  The  sulphuret  occurs  most  abundantly  in  Maine; 
die  molybdate  of  lead  has  been  found  in  the  Perkiomen 
lead  mine,  near  Philadelphia,  and  the  Northampton  lead 
mine,  Massachusetts*!  — 

IV.  Molybdenum  is  a  brittle  metal  of  a  silvery  white  Propertied. 
colour,  possessing  frequently  a  shade  of  yellow. 

V.  It  is  between  seven  and  a  half  and  eight  and  a  half    Hjeim 
dmes  as  heavy  as  water.   It  is  extremely  intusible;  no  heat   ^'.^hoiz 

8  611. 

*  From  fighwfijtmtrrt  plamlwgo  or  blaek  lead;  1>eeiia3e  the  minenil  from  which 
aoljbdeimm  is  obtained^  wtt  formerly  considered  a  species  of  plumbaga 
t  9ec  Cleafelaiid!*t  M ineralosT'. 
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Book  I.    to  which  it  has  been  hitherto  exposed  has  been  sufficient  t^ 
^^*^*<»^-  melt  it  into  a  solid  button. 

Formi  VI*  Molybdenum  combines  with  oxygen  in  three  propor- 

ihree  coia.  ^QQg^  and  forms  oxide  of  molybdenum,  molybdous  acid| 
^y^nuwo  ^nd  molybdic  acid.  The  two  last  named  compounds,  having 
of  which     acid  properties,  will  be  deferred  for  description  under  the 

are  acids,      u      j     r       •  ^ 

head  of  acids. 
Oxide  of         1.  Oxide  of  molybdenum  may  be  obtained  by  eiqne* 
m^-^ow*  '^S  ^^  ^  white  heat,  in  a  crucible,  the  compound  fidrMdi 
obtained,     of  moK  bdic  acid  and  ammonia,  mixed  with  some  charciML 

The  molybdic  acid  of  the  compound,  by  this  measuret  is 

partly  deoxidized,  and  reduced  to  the  state  of  this  oaude^ 
Properties.      2.  It  has  a  copper  brown  colour,  and  a  crystallized  w* 

pearance.  It  does  not  possess  the  property  of  forming  um$ 

with  acids. 
Moiybde-        VII.   Molybdenum   combines  with  sulphur,  and  ferns 
JJ^^yJJJJ.  sulphurct  of  molybdenum.    It  is  exactly  similar   to  die 

native  sulphuret  called  molybdena. 
bow  obtain-     I*  Sulphuret  of  molybdenum  may  be  obtained  by  disdl* 
^'  ling  together  one  part  of  molybdic  acid  and  five  par^  eff 

sulphur;  the  oxygen  of  the  acid  is  separated,  while  the 

metal  unites  wiih  the  sulphur. 
Froperties.      2.  This  sulphuret  has  a  bluish  colour,  very  much  Ukt 

that  of  lead.   In  texture  it  is  composed  of  scaly  partkkai. 

which  adhere  slightly  to  each  other. 

VIII.  Molybdenum  forms  no  other  compounds  with  the 

substances  already  described  of  sufficient  importance  to  be 

noticed. 


SECTION  VIII. 

OF  TUNGSTEN, 

Syn.  JVofframium^Scheelium, 

Tungsten;  I«  TuNGSTEN  may  be  obtained  by  the  following  process: 
bow  obtain.  Digest  onc  part  of  the  mineral  c  died  tungsten  (a  compound 
of  an  acid,  whose  base  is  metallic  tungsten,  and  lime)  le* 
duced  to  powder,  in  three  parts  of  nitric  acid  (aqua  fortis) 
until  it  acquire  a  yellow  colour.  The  nitric  acid  decooh* 
poses  part  of  the  mineral,  combines  with  its  lime,  and  sets 
free  a  portion  of  the  acid  of  tungsten.  Treat  the  residue 
with  ammonia,  by  which  means  the  free  tungstic  acid  is 
taken  up.  Put  the  ammoniacal  solution  aside.  By  repeating 
the  treatment,  as  already  described,  for  a  number  of  times^ 
the  mineral  may  at  last  be  totally  decomposed*   Now  mix 


TinrasTBiv. 
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il  the  ammoBiaeal  solutions  of  the  timgstic  acid  together,  Csaf.iii 
md  add  nitric  acid  as  long  as  any  precipitate  may  appear.  ""^ 
The  nitric  acid  thus  added  combines  with  the  ammonia; 
ad  the  tungatic  acid  set  free,  being  insoluble,  causes  the 
precipitate  above  alluded  to.  Separate  the  precipitate,  and 
let  it  be  well  washed  and  dried.  Then  expose  it,  mixed 
with  charcoal,  to  a  violent  heat,  in  a  covered  crucible.  The 
charcoal  robs  the  acid  of  its  oxygen,  so  that  nothing  remains 
but  pure  tungsten. 

II.  In  1781,  Scheele  analyzed  the  mineral  called  tungs- Daeoferf . 
ten,  and  resolved  it  into  lime,  and  a  peculiar  acid  which  he 
caUed  tungstic  acid.  Bergman  suspected  the  base  of  this 
acid  to  be  metallic,  and  his  suspicion  was  afterwards  veri- 
fied by  the  Messrs.  D'Elhuyaru.  Thtse  chemisu  found 
die  tungstic  acid  of  Scheele  in  another  mineral  called  wol- 
fram;* and  they  succeeded  in  decomposing  it,  by  mixing 
it  with  charcoal,  and  exposing  it  to  a  very  intense  heat. 

IIL  Tungsten   is  a  brittle   metal  of  a  greyish   white  Prapeitiet. 
colour  like   that  of  steeL   It  possesses  considerable  bril- 
fiaocy.  It  is  one  of  the  hardest  metallic  bodies. 

IV.  It  is  one  of  the  heaviest  of  the  metals;  being  very  Spee.  mi. 
nearly  seventeen  and  a  half  times  as  heavy  as  water,  it  ' 
requires  a  very  high  degree  of  heat  to  bring  it  into  a  state 
effusion;  not  less  than  170^  of  Wedgewood.  When  heated 

in  the  open  air,  it  becomes  oxidized. 

V.  Tungsten  combines  with  oxygen  in  two  proportions,  Fonni  two 
and  forms  compounds  called  oxide  of  tungsten  and  tungstic  «>«P<»«>d8 
ac'\d.    The   latter  compound   having  acid    properties,   its  gen;  one 
description  will  be  deferred  until  the  class  of  acids  come  to  of  ^^»» " 
be  treated  of. 

1.  Oxide  of  tungsten  may  be  formed  by  passing  a  current  OxMe  of 
of  hydrosulphuric  acid  (sulphuretted  hydrogen)  through  a  j,""/''^^"' 
quantity  of  tungstic  acid,  heated  to  redness  in  a  glass  tube,  uined. 
The  hydrogen  of  the  former  abstracts  part  of  the  oxygen 

from  the  latter,  which  is  thereby  reduced  to  the  state  of 
this  oxide. 

2.  Oxide  of  tungsten  has  a  flea  brown  colour.  When  Properties. 
heated  in  the  open  air,  it   takes  fire  and  is  converted  into 
tungstic  acid.  It  is  not  capable  of  forming  salts  with  acids. 

VI.  Tungsten  combines  with  sulphur,  and  forms  sulphu  Tungsten 
ret  of  tungsten.   This  sulphurct  may  be  obtained  by  ^'^pos- J|j^^^«  « »"*- 
ing  a  mixture  of  one  part  of  tungstic  acid  and  four  parts  of 
sulphuret  of  mercury,  in  a  retort,  covcrc-d  with  charcoal,  to 


•  Wolfram  consiits  of  tungstic  ackJ,  combined  with  mauganete  and  iron. 

F 
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Book  I.    a  violent  heat  for  half  an  hour.  It  is  in  the  form  of  a  greyisk 
P^^^°  ':  black  powder, 

VII.  Tungsten  forms  no  alloys  with  the  metala  already- 
described* 


SECTION  IX. 

OP  COLUMBIUM. 
Tantalum  of  Ekeberg. 

Coiambi'         !•  CoLUMBiUM  may  be  obtained  by  the  following  pro- 
am;  how     cess:  Fuse  together  one  part  of  the  mineral  called  tantalite/. 
obuined:     g^^  p^^^  ^f  ^^^t  of  tartar,  and  two  parts  of  borax,  in  a  pla- 
tinum crucible.  This  fusion  is  performed  in  order  to  make 
the  mineral  more  soluble  in  acids.    Soften  the  fused  mass 
with  water,  and  then  digest  in  hydrochloric    (muriatic) 
acid.  This  acid  dissolves  off  the  oxides  of  iron  and  of  man- 
ganese, leaving  the  oxide  of  columbium  untouched.  Separate 
the  oxide  of  columbium  from  the  dissolved  oxides,  and  let 
it  be  washed  and  dried.  Then  expose  it  to  a  violent  heat  in 
a  charcoal  crucible.  The  charcoal  combines  with  its  oxygen, 
and  reduces  it  to  the  metallic  state, 
intrhatroi-     J  I*  CoUimbium  has  heretofore  been  found  in  two  mi- 
neraisfound  nerals  only;   the  tantalite  of  Ekeberg,  and  the  columbite 
aodw  ere.  ^^  Hatchttt.    Ekeberg*s  specimen  was  found  in  Sweden; 

Hatchett's  came  from  America. 
History  of  HI.  This  metal  was  first  discovered,  in  1801,  by 
disooverj.  Hatchctt,  as  a  constituent  in  a  mineral  belonging  to  the 
British  museum,  which  had  been  sent  by  Mr.  Winthrop  of 
Massachusetts  to  Sir  Hans  Sloane.  Hatchett  gave  it  the 
name  of  columbium.  Soon  after  this  discovery,  Ekeberg 
detected  a  new  metal  in  a  mineral  found  in  Sweden,  to 
which  he  gave  the  name  of  tantalum.  In  1809,  Dr.  WoUas- 
ton  proved  that  the  columbium  of  Hatchett,  and  die  tanta- 
lum of  Ekeberg,  were  the  same  metal. 
Propertiet.  ^^*  Columbium  is  a  dark  grey  metal,  showing  the 
metallic  lustre  when  rubbed  against  a  fine  grindstone.  It  b 
one  of  the  most  infusible  metals  known,  and  so  hard  that 
its  grains  are  capable  of  scratching  glass.  It  is  also  very 
brittle,  and  may  be  reduced  to  powder  in  a  mortar.  It  is 
extremely  insoluble;  not  being  acted  upon  by  hydrochloric 


*  Tantalite  ii  oompoted  of  oxide  of  eolumbiam  combined  with  oxide  of  iron 
and  of  manpuiete. 
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(iBoruidc)  tcidy  nitric  acid,  or  a  mixture  of  dieae  acids  Caiy.nt 
asuaDy  called  aqua  regia,  although  digested  upon  it  for 
several  days. 

V.  Cdunibiuiii  is  somewhat  more  than  five  and  a  half  Spee.  mntw. 
times  as  heavy  as  waten  ''^** 

VI.  "When  heated  to  redness,  it  bums  feebly  widioutHowit 
any  flame;  but  the  combustion  ceases  the  moment  it  it'*'*™^ 
withdrawn  from  the  fire* 

VII.  Columbium  combines  with  oxygen  in  one  propor-  Fomt 


ed  of. 
VIII.  Columbium  forms  no  important  allqys< 


SECTION  X. 

OF  SELENIUBf.* 

I.  This  substance  was  discovered  about  the  beginning  <>f^;^j™]|» 
the  year  1818,  by  the  celebrated  Swedish  chemist  Berzehus,  f^'Smt 
in  the  iron  pyrites  of  the  mine  of  Fahlum  in  Sweden.   It  lioa. 
had  been  mistaken  for  the  metallic  substance  called  tel- 
lurium, which  will  be  described  hereafter.  Berzelius  has 

since  found  that  it  constitutes  one- fourth  of  a  mineral  previ- 
ously supposed  to  be  an  ore  of  tellurium,  in  which  it  is 
associated  widi  silver  and  copper. 

II.  Selenium  is  considered  by  Berzelius  to  be  a  metal,  itt  proper- 
althougb  having  many  analogies  to  sulphur.    It  has  a  bril-  ^^~* 
liant  metallic  lustre,  with  a  tinge  of  red.    When  cooled 
rapidly  it  exhibits  die  vitreous  fracture;   but,  after  slow 
cooling,  its  fracture  is  granulated.  It  is  about  four  and  aSpee.  gnv. 
half  times  as  heavy  as  water.    It  has  a  certain,  but  scarcely      ^'^' 
perceptible,  transparency.    It  softens  at  the  heat  of  boiling 
water,  and  in   a  higher  heat,   melts.   When  heated  suffi- 
ciently, it  is  converted  into  a  yellow  vapour  like  sulphur. 

It  may  be  sublimed  in  large  vessels,  and  deposites  flowers 
of  the  colour  of  cinnabar.  It  acquires  a  certain  degree  of 
consistency  while  cooling,  in  which  state  it  may  be  mould- 
ed in  the  fingers,  or  drawn  into  very  fine  threads.  In  a 
candle  it  bums  with  an  azure-blue  flame,  and  emits  an 


*  From  Xix«v«  the  moon,  on  aeeoant  of  its  analogj  to  the  metal  called  tella- 
liiiiii,  y^hkh  is  demed  from  telhn,  the  earth. 


44 


INTERMEDUTB  OOMBU8TIBLE8. 


BmkL    odour  resembling  that  of  horse-radish,  «nd  so  powerful 
^^*^^*^*'  that  one-fiftieth  of  a  grain  of  it,  thus  treated,  is  sufficient  lo 

scent  a  large  room. 

UintfMUk     IIL  Selenium  combines  with  oxygen  in  one  proportidn, 

Mid  #ltli    and  forms  an  acid.  It  is  therefore  an  acidifiable  combustibk* 

S^^fosen^  Selenic  acid  will  be  described  hereafter  under  the  hcMdcl 

iiidiffer«iit.  acids.   It  combines  also  with  h3rdrogen,  forming  what  ia> 

^'  called  selenuretted  hydrogen.  This  gas  has  considerable  re-' 

semblance  to  hydrosulphuric  acid  (sulphuretted  hydrogen), 

and  forms  compounds  analogous  to  salts,  by  combiniiig 

with  salifiable  bases.   It  will  be  described  hereafter  undet 

the  name  of  hydroselenic  acid.* 


CLASS  III. 

IJrrEBMEDUTE  COMBUSTIBLES. 

Interme-  This   class   contains   those   combustibles,  whose    com- 

busUUer'  po*i"ds  with  oxygen  are  capable  of  performing  the  part 
defioed,      of  acids,  or  of  salifiable  bases,  under  different  circumstan* 

ces«  in  the  formation  of  neutral  salts. 
sDd  «BWDe-     There  are  only  two  combustibles  belonging  to  this  dassi 
'^^^    .    namely,  antimony  and  tellurium.   These  substances  will 

form  the  subjects  of  the  two  following  sections. 

SECTION  I. 

OF  ANTIMONY.  ' 

Anthnony,  !•  Antimont  may  be  obtained  by  the  following  process: 
tloned^  Project  by  degrees  100  parts  of  sulphuret  of  antimony 
(crude  antimony),  upon  32  parts  of  iron  filings,  previously 
heated  to  redness  in  a  crucible.  When  the  whole  is  in  ft 
state  of  fusion,  add  by  degrees  20  parts  of  nitrate  of  potash 
(nitre);  keep  it  in  this  state  for  a  few  minutes,  and  then 
pour  it  into  an  iron  melting  cone,  previously  heated  and 
greased.  The  metal,  tolerably  pure,  will  be  found  at  the 
.bottom  of  the  cone. 
Hovfonnd.  II.  Pure  antimony  very  seldom  occurs  native.  It  occurs 
most  abundantly  mineri^lized  with  sulphur.  In  its  pure 
state  it  has  been  found  at  Harwington,  in  Connecticut.  In 
tlie  form  of  sulphuret  it  occurs  in  several  parts  of  the 
United  Statcs.f 


*  i'br  a  fdrHier  Mooont  of  lelcDiimiy  lee  Thomon't  AdmIi,  Tot  xi.  ISIS. 
t  See  Clea?elttid*a  Mineralogj. 
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JSL  Fure  wttiHir  uiiiiioiiy  was  not  kaova  to  the  CiukJIL 
andoiits;  and  although  they  were  acquainted  widi  t^  sul<*  ^^^^ 
^mret  of  andmony,  it  does  not  appear  that  they  supposed  pun  taSH 
It  to  be  of  a  metallic  nature.   Who  first  obtained  it  in*"*^^""^ 
die  pure  state  is  not  at  present  known;  but  the  prooeas  for 
piocuiing  it  was  first  described  by  Basil  Valentine,  in  Ids 
vritinga  on  andmony,  towards  the  end  of  die  fifbendi 
ccuuiiy* 

IV.  Antimony  is  a  britde  metal  of  a  greyish  whheFMpatlek 
cblour,  and  laminated  texture.  It  possesses  a  good  deal  dT 
bnUiancy^  Ila  hardness  is  about  equal  to  that  of  gold*  It 
communicates  to  the  fingers,  when  rubbed  upon  it,  m 
peculiar  taste  and  smell.  When  exposed  to  the  open  air,  it 
tmdergoes  nb  change  except  the  loss  of  lustre. 

V.  Andmimy  is  six  and  nearly  three-fourdi  times  as  Spee.  mt. 
heavy  as  an  equal  bulk  of  water.    It  melts  when  heated  tp     ^"^ 
redness;  if  the  heat  be  increased  beyond  diat  point|  it 
evaporates. 

VI.  Antimony  is  capable  of  combustion.  When  exposed 
to  a  white  heat,  and  then  suddenly  agitated,  it  takes  on 
diat  process.  The  product  of  the  combustion  is  an  acid 
called  antimonious  acid. 

VII.  Aodmony  combines  with  oxygen  in  three  propor-  Forai 
dona,  and  forms  compounds  which  are  called  oxide  of  ^^"^'"^ 
andmony,  antimonious  acid,  and  andmonic  acid.  The  two  ^  017- 
latter  compounds  having  acid  properties,  their  descripdon  S^jj^^^^  ^ 
will  be  deterred  until  the  class  of  acids  come  under  consi-  "^^^^  "^ 
deration.  The  oxide  of  antimony  will  be  considered  in  this 

place. 

OXIDB  OF  ANTIMONY. 

PredpkaUd  CtUx  9fjhUimomf  cf  the  DoUin  GoHoge. 

1.  Oxide  of  antimony  may  be  obtained  by  diluting  withOiide«f 
water  a  solution  of  antimony  in  hydrochloric  (muriatic)  J|^^^y» 
acid.  A  precipitate  appears*  which  consists  of  the  oxide  of  tamed, 
antimony,  combined  wttU  a  little  hydrochloric  acid.   To 
separate  the  acid,  wash  the  precipitate,  and  boil   it  for 
some  time  in  a  solution  of  salt  of  tartar;  wash  it  again  and 

dry  it  on  a  filter.  The  precipitate  is  now  pure  oxide  of  an- 
timony. 

2.  Oxide  of  antimony  is  of  a  dirty  white  colour,  and  Properties. 
destitute  of  lustre.   It  is  extremely  fusible.   It  has  the 
property  of  forming  salts  by  combining  with  acids. 

3.  Oxide  of  antimony  was  formerly  used  in  medicine.  At  Medical 
present,  however,  it  is  not  employed  except  in  combination  ^^^^ 
with  sulphuret  of  antimony,  with  which  it  unites  in  several 
proportions.  These  compounds  will  be  described  presendy. 
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Book  I.         VIIL  Antimony  coii^)me8  with  chlorine,  and  forms 
P'^'^'-  chloride  of  antimony. 

ABtimoDy 

fo™»  »  CHLORIDE  OF  ANTIMONY. 

Muriate  ofJbaimmjf  of  the  Ed.  College;  formerly  called  Butier  ofJbHimtmfk 

1.  This  chloride  may  be  obtained  by  distilling  a  mixtore 
of  two  parts  of  corrosive  sablimate  (a  chloride  of  mercurj) 
and  one  part  of  antimony.  It  is  formed  also  by  the  combiis* 
tion  of  anUmony  in  chlorine  gas*  When  introduced  into 
this  gas,  the  metal  catches  fire,  and  the  product  is  the 
chloride  under  consideration. 

2.  Chloride  of  anUmony  is  a  fatty  looking  substancei  of 
a  greyish  white  colour;  very  deliquescent  and  very  voladle* 
When  heated  moderately  it  melts.  When  mixed  with  water, 
this  liquid  is  decomposed;  its  hydrogen  combines  with  dtt 
chlorine,  forming  hydrochloric  (muriatic)  acid,  while  id 
oxygen  forms  antimonious  acid  with  the  antimony. 

3.  Chloride  of  antimony  is  composed  of 

Antimony         45 
Chlorine  36 
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4.  Chloride  of  antimony  constitutes  one  of  the  most  pow- 
erful caustics  known.  Being  however  in  a  liquid  form  it  is 
difficult  to  limit  its  operation.  At  present  it  is  never  used 
as  an  escharotic. 

IX.  Antimony  combines  with  iodine,  and  forms  iodide 
of  antimony.  It  is  very  readily  obtained  by  fusing  its  con- 
stituents together.  It  has  a  dark  red  colour.  When  digested 
in  water,  it  is  converted  into  hydriodic  acid  and  oxide  of 
antimony;  that  liquid  being  at  the  same  time  decomposed* 

X.  Antimony  combines  with  phosphorus  and  forms  phos- 
phuret  of  antimony.  It  may  be  prepared  by  dropping 
phosphorus  into  melted  antimony.  It  is  a  britde  substance, 
of  a  white  colour  and  laminated  texture. 

XI.  Antimony  combines  with  sulphur,  and  forms  sul- 
phuret  of  antimony. 

SULPHURET  OF  ANTIMONY. 

Crude  ,^nHmony, 

1.  Sulphuret  of  antimony  may  be  formed  by  fusing  to* 
gether  its  component  parts  in  a  crucible. 

2.  This  sulphuret  occurs  native,  and  constitutes  a  very 
abundant  ore  of  antimony. 

Propcrticf,      3*  '^  ^^  *  ^>ght  leaden  grey  colour  and  the  metallic  lus- 
tre. Its  texture  is  foliated  or  radiated.    It  is  much  more 


Solphnret 


ANTiifainr* 


47 


faAle  than  pore  ndinoiiy.  It  b  about  four  and  onc*tfaird  c«Ag.n^ 
tines  as  heavy  as  water.  — — — 

4»  Solphuret  of  antimony  combines  in  several  proportions  CoaMnm 
wbh  the  oxide  of  antimony*  This  combination  in  the  gene-  7^^^^ 
nl  way  b  formed  by  adding  the  sulphuret  to  the  oacide  ny  b  sere- 
while  in  a  state  of  fusion.  It  may  be  formed  also  by  melt*  ^!iJf"V^ 
isg  in  a  cruciUe,  die  oxide  of  antimony  with  different  pro*  ^ 
portions  of  sulphur:  part  of  the  antimony  is  thereby  revived 
»d  unites  to  the  sulphur  forming  a  sulphuret;  and  this  sul* 
^nret  combines  with  the  remaining  undecomposed  onde. 
The  acids  of  antimony  may  be  employed,  for  fusion  with 
sulpbor  as  well  as  theonde,  in  the  formation  of  these  com- 
poiuids;  as  the  former  are  always  reduced  to  the  state  of  the 
latter  during  fkc  process. 

When  the  sulphuret  of  antimony  is  united  to  the  oxide  in  la  one  prs- 
'  the  proportion  of  one  part  of  the  former  with  eight  of  the  P^v^^ 
latter,  and  die  compound  fused  by  a  sudden  heat,  it  con- 
stitutes the  preparation  called  glass  of  antimony. 

GLASS  OF  ANTIMONY. 
fUr^UdfkBidi^fJmim&mfwUh  Sulphur  crtheEdCoUegou 

[l.l  Glass  of  antimony  is  prepared  by  the  apothecaries,  by  smm  ^ta 
exposmg  sul{Aiiret  of  antimony  in  powder,  to  a  gentie  heat,  ofuitlB^ 
for  a  considerable  time,  in  an  open  vessel.  This  exposure  to  °^' 
heat  has  the  effect  of  driving  off  the  sulphur  from  one  part  of 
the  antimony,  which  is  then  converted  into  oxide.  Part  of  the 
sulphuret,  being  in  this  way  oxidized,  the  whole  is  melted 
in  a  crucible,  and  kept  at  an  intense  heat  until  it  assume 
the  appearance  of  glass.  It  is  a  semitransparent  substance 
of  a  fine  red  colour. 

[3.]  Glass  of  antimony  was  formerly  used  in  medicine  as  Medkal 
an  emetic;  but  its  operation  is  so  very  irregular  and  uncer-  ^"^ 
tain,  that  it  has  gone  out  of  use.  When  melted  with  one- 
eighth  of  its  weight  of  yellow  wax,  it  forms  the  preparation 
called  cerated  glas8  of  antimony.  The  cerated  glass  b  both 
emetic  and  cathartic,  but  more  certainly  the  latter.  At  pre- 
sent it  is  not  much  employed;  and  most  probably  for  the 
same  reason  that  the  use  of  the  glass  has  been  discon- 
tinued. 

Sulphuret  of  antimony,  combined  with  oxide  of  antimony  in  In  another 
the  proportion  of  one  part  of  the  former  with  four  of  the  Pf®P«»^"> 
latter,  constitutes  the  preparation  called  crocus  of  anti- 
mony. 
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Book  I.  CROCUS  OF  ANTIMONY. 

PlYbtonL   ^1,0  eiji^  Crocua  MetaUorum.'-Oxide  ofJnUmomf,  vUk  au^hut,  kg  Mirmm 
ofPotoiht  of  the  Ed.  College. 

Croeusof       [l*]  Crocus  of  antimony  maj  be  prepared  in  the  follow* 

anthnooy.   ing  manner.  Expose  a  mixture  of  equal  parts  of  sulpbimsl 

of  antimony  and  nitrate  of  potash  (nitre)  each  8epantel|r 

pulverized,  to  a  red  heat  in  a  covered  crucible.    A  .r^ 

matter  is  produced,  which  must  be  separated  from  a  whiddi 

crust  which  is  also  formed,  and  afterwards' reduced  to  pow* 

der  and  washed,  until  the  water  emploved  comes  off  taste* 

less*  This  red  matter  is  the  crocus  of  antimony. 

Medieal  [^]  Crocus  of  antimony  agrees  in  medical  properdes 

aiet.  with  the  glass;  but  like  the  latter  preparation,  it  sometimes 

acts  mildly,  at  other  times  most  violendy*    It  has  accord- 

ingly  gone  entirely  out  of  use* 

Compoii-        5.  Sulphuret  of  antimony  forms  no  other  important  cons- 

^haret  P^u^^^  ^^^  ^^  ^^^  j^^^  described.  It  is  composed  of 

Antimony        45 
Sulphur  16 
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Medieal  6.  When  reduced  to  the  state  of  impalpable  powder,  sul* 
n^mt*  phuret  of  antimony  is  sometimes  employed  in  medicine. 
In  general  its  operation  is  that  of  a  diaphoretic;  but  occastoo^ 
ally,  especially  if  it  meet  with  acid  in  the  stomach,  it  is 
violently  emetic  and  cathartic*  It  is  a  powerful  remedf 
in  glandular  obstructions,  and  in  obstinate  cutaneous  erop» 
tions.  The  dose  is  from  ten  to  thirty  grains. 


XII.  Antimony  forms  no  important  alloys  with  the 
tals  already  described. 
Para  rati-       XIII.  Antimony  in  the  metallic  state  appears  to  have  very 
mon^r  not    litde  or  no  medical  properties. 

medieimd. 


SECTION  II. 

OF  TELLURIUM. 

Teilariam:  I*  TELLURIUM  may  be  obtained  by  the  following  process: 
how  obtuD-  Dissolve  the  ore  in  which  tellurium  is  alloyed  with  gold 
and  iron,  in  a  mixture  of  hydrochloric  (muriatic)  and  nitric 
acids,  commonly  called  aqua  regia;  and  precipitate  the  gold 
and  iron  by  adding  potash  in  excess.  Separate  the  precipi- 
tate, and  then  add  to  the  solution,  hydrochoric  (muriatic) 
acid,  just  sufficient  to  saturate  ;he  excess  of  potash:  a  pre- 
cipitate appears,  which  consists  of  the  oxide  of  tellurium. 
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Hie  metd  any  be  obtuned  from  the  oade,  by  estpomng  it,  Cup.m. 

finned  into  s  pute  with  linseed  oil,  to  hettfai  s  retort. ^"^ 

BriDuut  metalhc  drops  make  their  appeanmce  in  the  upper 
put  of  the  retort;  meae  drops  consist  of  telhirium  m  a 
state  ofpuri^. 

II.  The  ores  from  wldch  tdlurium  is  extracted,  have  WImm 
heretofore  been  found  only  in  Transylvania.  ^"*^ 

III.  In  1782  Muller  was  led  to  believe  that  the'  white  A«om«t  of 
gold  ore  (one  of  the  <ms  of  tellurium)  contained  a  i|ew  me-  ^^■"oveiy. 
tal,  different  from  all  others  at  that  Amt  known.'  This  ccp- 
doMon  was  completely  confirmed  in  1798  by  KlapipMi.      .  . 

IV.  Tellurium  is  a  bluish  white  metal  of  a  laminated*1*icn|jjiiMi. 
texture,  possessing  considerable  brilliancy,  f t  is  very  brittlet 

and  may  be  easily  reduced  to  powder.  Next  to  mercury 
and  ars^c,  it  is  the  most  volatile  of  all  the  metals. 

V.  Tellurium  is  somewhat  more  tlum  six  times  as  heavy  Spae.  mt. 
as  water.  •"*"• 

^  VI.  When  tellurium  is  eiq^psed  to  the  acdon  of  the  blow-  to  eonbiiP- 
pipe,  upon  burning  charcoal,  it  takes  fire  and  bums  with  aeribML^ 
fively  blue  flame,  edged  with  green. 

VII.  Tellurium  combines  with  oxygen  in  one  proportion  Forms  om 
only,  and  forms  a  compound  possessing  acid  properties.  Di*.  ^^"j^^f 
TThomson  calls  it  telluric  acid.  But  as  it  enters,  as  a  consti-  ^en,  vltii 
tocnt  into  neutral  salts,  sometimes  as  an  acid  and  some-  *^g^ 
times  as  a  salifiable  base;  it  would  perhaps  be  better  .to  call  ^"^^ 
it  either  telluric  acid  or  oxide  of  tellurium,  according  to  the  It  will  U 
part  which  it  may  perform  in  the  constitution  of  any  parti-  ^^^^^ 
cular  salu  It  wiU  be  described  in  this  place  as  a  base. 

1.  Onde  of  tellurium  may  be  formed  by  dissolving  the  oxide  of 
metal  in  aqua  regia,  and  diluting  the  solatioh  with  a  large  quan-  J^'J)*^^. 
tity  of  water:  a  precipitate  falls  which  consists  of  tiiis  oxide,  ed. 

2.  Oxide  of  tellurium  has  a  white  colour.  When  exposed  fVopertieii 
to  heat,  it  melts  readily  into  a  straw-coloured  mass;  after 
fusion  if  the  heat  be  increased,  it  is  volatilized.    When 

made  into  a  paste  with  oil  or  charcoal  powder,  it  is  deoxi- 
dized with  a  kind  of  explosion. 

3.  It  is  composed  of  Compoil- 

Tellurium  32  *^- 

Oxygen  8 
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This  oxide,  in  consequence  of  its  acting  the  part  of  an 
acid  in  some  salts,  will  be  noticed  hereatter  in  the  enume- 
ration of  the  acids. 

VIIL  Tellurium  combines  with  chlorine  and  forms  chlo- chloride  or 
ride  of  tellurium.  It  is  easily   formed  by  introducing  the  teUorium. 
metal  into  chlorine  gas;  it  catches  fire  spontaneously,  and 
the  product  of  the  combustion  is  this  chloride. 

G 


50  BAfilFIABLE  COMBUSllBLES. 

Book  I.  !•  Chloride  of  tellurium  is  a  while  and  semitransparent 
DiviMOD  I.  substance*  When  heated  it  is  converted  into  vapour.  W»- 
Propeities.  ter  decomposes  it,  and  precipitates  the  tellurium  in  the  stale 

of  oxide  combined  with  water. 
Composi-        2.  This  chloride  is  composed  of 
*»°°-  Tellurium  32 

Chlorine  29'5» 
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Iodide.  IX.  Tellurium  combines  with  iodine,  when  brought  is 

contact  with  it.  The  iodide  thus  obtained,  forms  a  dark 
purple-red  solution  in  water. 
Tdiomm  X.  Tellurium  combines  with  hydrogen  and  forms  a  ga- 
acilTcoin-  ^^°***  Compound  called  telluretted  hydrogen.  This  gas  pos- 
pound  wiUisesses  the  more  essential  properties  of  an  acid,  and  will 
hydrogen,  be  described  hereafter  under  the  name  of  hydrotelluric  acid. 
Suiphartt  XI.  Tellurium  combines  by  fusion  with  sulphur;  and  the 
sulphuret  formed  has  a  leaden  colour. 

A 1 1.  Tellurium  forms  no  important  alloys  with  the  me- 
tals already  described. 


CLASS  IV. 
BASIFIABLE  COMBUaTIBLES. 

Basifiabic  Basifiable  combustibles  have  already  been  defined,  to 
oonibuiti-  be  those  combustibles  which  form  the  bases  of  neutral  salts, 
We»  de  n.  |^^^  j^  ^^  instance  acids,  by  combining  with  oxygen.  These 

combustibles  will  be  arranged  in  three  sub-classes,  as  has 

been  already  mentioned. 

SUB-CLASS  I. 
ALKALIHABLE  COMBUSTIBLES. 

First  sub-        This   sub-class    includes   those  basifiable  combustibles^ 
class  of       which  form  salifiable  bases,  possessing  alkaline  properties, 
cd*  wid'*^""  by  combining  with  oxygen.    All  the  salifiable  bases  formed 
from  these  combustibles  change  vegetable  blues  to  green, 
with  more  or  less  energy.    These  combustibles  are  the  fol- 
lowing: namely, 
enument-       ^*  Potassium;  2.  Sodium;  3.  Lithium;  4.  Calcium;  5.  Ba- 
ed.  rium;    6.  Strontium;  7.  Magnesium. 

These  substances  will  form  the  subjects  of  the  seven  fol- 
lowing sections. 

SECTION  I. 

OF  POTASSIUM. 

PotMsiam:  I*  PoTASsiuM  may  be  obtained  by  the  following  process: 
how  obtain-  Bend  a  gun  barrel  in  such  a  form  as  that  its  central  portion 


parAgsiDiL 
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viil  ferm  m  cunre  below  the  krel  of  its  extremities.  Fill  Ciup.  ni. 
dds  ceotrml  portioQ  widi  a  quantity  of  turnings  of  iron  quite  *'"~"~*^ 
dam;  and  nien  fix  the  gun  barrel  in  a  furnace  surrounded 
with  clay  to  preserve  it  from  fusion.  Place  one  extremity  of 
die  barrel  a  litde  higher  than  the  other.  Put  into  the  upper 
extremity  a  quantity  of  potash,  made  as  pure  and  dry  as 
possible;  and  dien  adapt  to  it  a  curved  tube,  with  its  lower 
extremity  plunged  into  a  vessel  of  mercury.*  Heat  that  part 
of  the  gun-barrel  which  contains  the  iron  turnings,  to  white- 
ness; and  at  the  moment  that  this  is  accomplished,  lute  a 
short  copper  tube  to  the  lower  extremity  of  the  gun-barrel, 
and  keep  it  as  cool  as  possible.  Things  being  thus  arranged, 
apply  a  sufficient  heat  to  the  upper  extremity  of  the  gun- 
iMire],  to  convert  the  potash,  contained  in  it,  into  vapour. 
The  potash  thus  vaporized  passes  through  the  iron  turn- 
ings, and  becomes  decomposed,  and  the  substance  called 
potaauum  condenses  in  the  copper  tube.  As  soon  as  all  the 
potash  employed  has  been  converted  into  vapour,  which 
will  be  known  by  there  ceasing  to  be  any  farther  gaseous 
products,  the  heat  is  to  be  discontinued.  The  apparatus, 
after  having  its  ends  closed  with  luting,  is  then  taken  from 
die  furnace  and  cooled  as  soon  as  possible.  The  substance 
called  potassium  will  be  found  in  the  copper  tube.  To  pre- 
serve it  pure  it  must  be  kept  under  naphtha** 

II.  Potash  is  composed  of  the  substance  under  descrip-  EzpianA- 
tion  and  oxygen.  The  explanation  of  the  above  process  is^^^^^^^ 
therefore  this:  the  potash  in  vapour,  by  coming  in  contact 

with  the  iron  turnings  raised  to  a  white  heat,  is  instantly 
decomposed;  its  oxygen  combines  with  the  iron,  while  the 
potassium  liberated  from  combination  passes  on  and  con- 
denses in  the  copper  tube. 

III.  The  important  discovery  of  the  compound  nature  of  Discovery. 
potash  was  made  in  1807,  by  Sir  H.  Davy,  by  the  agency 

of  galvanic  electricity.  The  process  just  described  is  an  out- 
line of  that  invented  by  Gay-Lussac  and  Thenard. 

IV.  Potassium  is  a  white  metal,  possessing  the  metallic  Propeiiles. 
lustre  as  perfecdy  as  mercury  or  silver.  At  the  temperature 

of  SCP  it  is  soft  and  malleable;  at  136^°  it  is  perfectly  liquid; 
while  at  Z2^  it  is  hard  and  brittle.  When  thrown  into  water 
it  decomposes  that  liquid;  the  hydrogen  evolved,  carrying 
with  it  small  particles  of  the  metal,  catches  fire,  and  causes 
the  whole  of  the  potassium  to  burn  with  a  kind  of  explosion. 

V-  Potassium  is  lighter  than  water,  being  only  between  Spec.  grav. 
eight  and  nine-tenths  as  heavy  as  that  liquid.  ^•*^^- 

VI.  Potassium  combines  in  two  proportions  with  oxygen,  Forms  with 
and  forms  compounds  called  potash  and  peroxide  of  potas-  °o»J^*^"',jnd 

*  Naphthft  U  a  fine  thin  eoloarlefs  oil,  wlueh  comes  from  Persia. 
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Book  I.  Slum.  The  former  is  formed  by  the  combiistioii  of  potas- 
DiTitiop  L  gimn  in  atmospheric  air*  It  will  receive  a  separate  conside- 
ration under  the  head  of  alkaline  salifiable  bases;  the  latter 
will  be  noticed  in  this  place, 
peroxide  of  1.  Peroxide  of  potassium  is  formed  by  headng  potassium 
Sow^"ISn.  '^^  P"^^  oxygen  gas*  A  vivid  combustion  takes  place,  and 
ed.  the  potassium  combines  with  a  larger  dose  of  oxygen,  than 

by  combustion  in  the  open  air* 
DiseoTerj.       2*  Peroxide  of  potassium  was  discovered  in  1810,  by 

Gay-Lussac  and  Thenard* 
Propertief.      3*  It  is  a  solid  body,  of  a  yellow  colour*    When  thrown 
into  water,  it  parts  with  so  much  oxygen  as  to  convert  it 
into  potash*    When  brought  into   conuct   with   sulphur, 
phosphorus,  or  carbon  and  the  temperature  raised,  com- 
bustion takes  place;  these  bodies  become  acidified,  and  thus 
changed,  unite  to  the  peroxide  now  reduced  to  the  state  of 
potash*   Under  similar  circumstances,  it  converts  aulphn* 
rous  acid  and  protoxide  of  azote  into  sulphuric  acid  and 
nitric  acid  respectively* 
Chloride  of     VII*  Potassium  combines  with  chlorine,  and  forms  chhH 
potMtnim:  ^de  of  potassium* 

CHLORinE  OP  POTASSIUM. 

Utoally  called  Muriate  of  Pota9k.^Febrifwfe  or  IKgenive  Salt  of  Syl^iUL 

Regenerated  Sea  Salt  ct  Boerhaave. 

how  obtain-      1*  Chloride  of  potassium  may  be  obtained  by  saturating 

ed.  potash  with  hydrochloric  (muriatic)  acid,  and  exposing  the 

compound  formed  to  a  red  heat*  The  chlorine  of  the  acid* 
combine!!  with  the  potassium  of  the  potash,  while  the  hydA>- 
gen  of  the  former  and  oxygen  of  the  latter  unite  and  form 
water*  The  exposure  to  a  red  heat  of  the  compound  has  die 
effect  of  driving  oif  the  water  in  a  state  of  vapour;  so  that 
nothing  then  remains  but  chloride  of  potassium. 

Another         2*  Another  method  for  obtaining  this  chloride  is  to  heat 

method,  potash  in  chlorine*  The  chlorine  combines  with  the  potas- 
sium of  the  potash,  while  the  oxygen  of  the  latter  is  disengag- 
ed* It  is  also  formed  when  potassium  is  burnt  in  chlorine 
gas;  the  combustion  is  attended  with  a  brilliant  red  flame* 

Propenics.  '^*  Chloride  of  potassium  has  a  white  colour,  and  a  taste 
resembling  that  of  common  salt,  but  more  inclined  to  bitter* 
It  is  not  altered  by  exposure  to  the  atmosphere* 

Composi-        4.  It  is  composed  of 

tion.  Potassium  40 

Chlorine  36 
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*  The  reader  is  prvvamed  to  be  acquuinted  with  Uic  constituents  of  hydro* 
chloric  aeid;  ther  having  heen  mentioned  under  the  head  ofhydro^i^  p.  90, 


POTASSIUM.  go 

5.  Chloride  of  potassium  was  formerly  used  in  medicine  Chap.  m. 
as  a  sudorific;  but  at  present  it  has  gone  entirely  outof  use. 

VIII.  Potassium  combines  with  iodine  and  forms  iodide  Iodide  of 
of  potassium.  It  may  be  formed  by  causing  the  vapour  of  P^*'*^^^"'* 
iodine  to  come  in  contact  with  potassium;  the  metal  takes 

fire  and  bums  with  a  violet  coloured  flame,  and  this  iodide 
is  formed  as  the  product  of  the  combustion.  It  is  in  the 
form  of  crystals  possessing  a  pearly  lustre.  It  dissolves 
readily  in  water.  Its  exact  composition. has  not  been  ascer- 
tained. 

IX.  Potassium  combines  with  hydrogen  and  forms  the  H^dnmt 
compound  called  hydruret  of  potassium.    It  may  be  ob-  of  po^M- 
tained  by  heating  the  metal  in  hydrogen  gas.  It  is  a  grey 
substance  destitute  of  metallic  lustre.  It  is  infusible  in  any 

beat  to  which  it  has  as  yet  been  exposed.  It  does  not  burn  PropeTtie% 
spontaneously  either  in  common  air  or  oxygen  gas.    It  de- 
composes water,  and  is  converted  into  potash,  while  its  hy- 
drogen,  together  with  that  furnished  by  the  water,  is  evolved. 
It  was  discovered  by  Gay-Lussac  and  Thenard. 

X.  Potassium  exerts  no  action  upon  azote;  but  whenpotMaam 
heated  in  the  protoxide  of  azote  (nitrous  oxide),  it  takes  ?"™17?'*'' 
fire  and  combines  with  oxygen  in  the  proportion  to  form  p^zide 
peroxide  of  potassium.  of  azote, 

XI.  Potassium  is  not  known  to  have  any  action  upon  and  also 
carbon;  but  when  heated  in  carbonic  oxide,  it  catches  fire,  JJ^^"'® 
and  is  converted  into  potash  by  combining  with  the  oxygen 

of  this  gas,  while  its  carbon  is  deposited. 

XII.  Potassium  combines  with  phosphorus  and  forms  Phospharet 
phosphuret  of  potassium.    It  is  easily  prepared  by  heating  *^f  P^^" 
its  constituents  in  contact  with  each  other.   Their  combina- 
tion is  attended  by  the  emission  of  a  weak  light.    It  is  of  a 
chocolate  colour.    It  burns  readily  in   the  open  air;    and 

when  dirown  into  water,  a  kind  of  detonation  is  produced 
in  consequence  of  the  rapid  evolution  of  hydroguret  of 
phosphorus  (phosphuretted  hydrogen).  It  is  composed  of     Compoai- 

Potassium  40  ^°»- 

Phosphorus         12 
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XIII.  Potassium  combines  with  sulphur  and  forms  sul-  Sulphuret. 
phuret  of  potassium.  It  may  be  obtained  by  heating  toge- 
ther its  constituents;  an  intense  chemical  action  occurs,  at- 
tended by  all  the  phenomena  of  a  violent  combustion,  and 
the  product  is  this  sulphuret.  It  is  of  a  dark  grey  colour.  Propeitie*. 
When  thrown  upon  water,   it  acts  upon  that  liquid  with 
great  energy,  and  hydrosulphuric  acid  (sulphuretted  hydro- 
gen) is  evolved.  Although  a  product  of  combustion,  it  is 
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Book  l   nevertheless  capaUe  of  undergoing  that  prooesB,  by  which 
DjTMionf.  i(  ig  converted  into  sulj^ate   of  potash;   its  ingredienis 
first  uniting  with  oxygen  and  afterwards  combining  widi, 
Compoei-    each  odier.  Sulphuret  of  potassium  is  composed  of 
^^  Poussium  40 

Sulphur  16 
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XIV«  Potassium  fiNrms  no  important  alloys  with  die 
tals  already  described* 


SECTION  II. 

OF  SODIUM. 

Sodium:         I*  SoDiUM  may  be  obtained  from  pure  soda  by  a  process 
how  obtain- pfg^jj^ly  similar  to  that  just  described  for  obtaining  potas- 
sium.   It  may  be  obtained  also  by  exposing  a  mixture  of 
dry  common  salt  and  potassium  to  heat  in  a  close  veaadi^  . 
The  salt  is  decomposed  and  sodium  appears.  The  ezplaiu^ 
tion  of  the  latter  process  for  obtaining  sodium  is  this.  Con^.' 
mon  salt  is  a  compound  of  chlorine  and  sodium.  When  diia 
compound  is  heated  in  mixture  with  potassium,  its  chloriiid- ' 
combines  with  the  potassium,  forming  chloride  of  potassiuM 
while  the  sodium  liberated  from  combination  appears  in  its 
pure  state. 
DiscoTeiy.       II.  Sodium  was  discovered  in  1808  by  Sir  H.  Davy  as  n 
constituent  in  soda,  which  substance  this  chemist  first  de* 
composed  by  the  agency  of  galvanic  electricity. 
Properties.      III.  Sodium  is  a  metal  of  a  white  colour,  intermediate 
between  that  of  silver  and  lead.   At  the  common  tempera- 
ture of  the  atmosphere,  it  is  soft  and  malleable.  Its 
point  is  at  the  temperature  of  194®. 
Si)ec.  gT»v.      IV.  It  is  very  nearly  as  heavy  as  water. 
Forms  Mda      ^'  Sodium  bums  in  the  open  air  when  sufficiently  heated, 
by  combos-  and  combines  with  oxygen.  The  product  of  the  combustion 
^*^'"^P^°  is  soda;  soda  therefore  is  an  oxide  of  sodium.  Soda  is  also 
formed  when  sodium  is  exposed  to  the  open  air;  the  surfiiice 
of  the  metal  being  converted  into  soda,  by  the  decomposi* 
tion  of  the  moisture  of  the  atmosphere.  When  sodium  is 
thrown  into  water,  this  liquid  is  decomposed,  hydrogen  is 
evolved,  and  it  is  converted  into  soda.    Soda  will  receive  a 
separate  consideration  under  the  head  of  alkaline  salifiable 
bases.  Besides  soda,  sodium  forms  another  oxide  by  com- 
bining with  a  larger  dose  of  oxygen  than  exists  in  soda;  this 
compound  is  called  peroxide  olf  sodium,  and  will  be  noticed 
in  this  place. 


SODIUBL  «£ 

!•  Peroxide  of  todium  may  be  formed  by  heating  sodiam  Cba».  iol 
ioVaygeo  gas;  the  metal  takes  fire  and  bums  with  great  peroxide  of 
spkndour.  The  product  of  the  combustion  is  this  peroxide,  sodium  by 
It  is  of  a  dirQr  greenish  yellow  colour.  When  thrown  into  j^**"**^ 
witer,  it  gives  off  so  much  of  its  oxygen  as  to  be  reduced  gas. 
to  the  state  of  soda*  It  was  discovered  by  Gay-Lussac  and 
Thenard.  It  is  composed  of  Compoii- 

Sodium  48  °^ 

Oxygen  24 
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VI.  Sodium  combines  with  chlorine  and  forms  cUoride 
of  sodium. 

CHLORIDE  OF  SODIUM. 
UflttDy  aAed  Muriate  of  Soda. — Conimoo  names.  Common  Satt.'^Sea  Soli, 

1.  Chloride  of  sodium  may  be  obtained  by  saturating  com-  Chloride  of 
moD  soda  (carbonate  of  soda)  with  hydrochloric  (muriatic)  f<^*"'P;  . 

•  J      »^     r  ^-        •     ^1.  •  «  1  •  ^  ^  how  obUun- 

aad.  its  formation  m  this  case  takes  place  m  consequence  ed. 
of  a  doable  decomposition.  The  carbonic  acid  of  the  carbo- 
nate is  liberated  and  flies  off  in  the  form  of  gas;  the  chlo- 
rine of  the  hydrochloric  acid  combines  with  the  sodium  of 
die  soda;  while  the  hydrogen  of  the  former  uniting  with 
the  oxygen  of  the  latter,  forms  water.  It  may  be  obtained 
however  free  from  water  by  burning  sodium  in  chlorine 
gas.  The  combustion  is  vivid,  and  attended  by  the  emission 
of  bright  red  sparks.  The  dry  chloride  also  may  be  obtained 
by  passing  a  current  of  chlorine  gas  over  soda  previously 
heated  to  redness:  the  chlorine  combines  with  the  sodium 
of  the  soda,  while  its  oxygen  is  set  free. 

3.  Chloride  of  sodium  has  been  known  from  the  earliest  Rescarcfaes 
ages;  but  it  has  only  been  by  very  gradual  steps  that  its  jjfg,^jlj 
true  nature  has  been  ascertained.  Glauber  knew  that  hydro-  nature. 
chloric  (muriatic)  acid  could  be  obtained  from  it,  and  Stahl 
asserted  that  its  base  was  alkaline.  Duhamel  ascertained 
that  the  base  which  appeared  upon  its  decomposition  was 
soda,  and  distinguished  it  from  potash.  From  these  facts, 
common  salt  was  supposed  to  be  proved  to  consist  of  hy- 
drochloric (muriatic)  acid  and  soda;  and  it  had  never  been 
suspected  that  these  alleged  constituents  did  not  exist  in  it, 
but  were  in  fact  the  results  of  new  combinations,  occurring 
during  its  decomposition,  before  Sir  H.  Dav\  made  the 
remarkable  discovery,  that  oxy muriatic  acid  (chlorine)  as 
yet  was  an  undecompounded  substance;  which  lead  the  way 
to  the  ascertaining  of  the  true  nature  of  the  compound  un- 
der consideration. 
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Boob  I.  3.  The  processes  Just  given  for  obtaining  chloride  of 
DivMJoiil.  sodium  (common  salt)  are  merely  for  the  purpose  of  illus-> 
Chkride  of  ^^ting  its  composition.  The  chemist  has  no  occasion  to 
eorl^^  resort  to  them;  as  this  chloride  occurs  abundantly  native  in 
danUy  na-  all  parts  of  the  world*  It  occurs  in  masses  forming  the 
^^'  chief  part  of  some  mountains.  It  is  found  also  in  solution, 

in  springs,  and  lakes,  but  particularly  in  the  ocean*    The 
principal  salt  mines  are  found  in  Poland,  Hungary,  England 
and  Spain.  That  near  Cracow  in  Poland  has  been  worked 
ever  since  the  year  1251*    Salt  springs  are  found  in  almost 
all  parts  of  the  world.    Salt  lakes  are    almost  peculiar  to 
Russia* 
Its  extno-       4.  Chloride  of  sodium  (common  salt)  is  obtained  from 
tion  from     |(s  various  sources  by  different  kinds  of  management*  It  is 
and  Hkit^  extracted  from  salt  mines  in  blocks.  If  sufficiently  pure  all 
t|>nnndet-that  is  necessary  is  to  pound  it  for  use;  otherwise  it  must 
®"  be  purified  by  solution  and  crystallization*   When  it  occurs 

in  nature  in  solution,  it  is  extracted  by  evaporation*  If  the 
water  contain  15  per  cent,  of  salt,  it  is  generally  exposed  to 
artificial  heat  iiv-tt  series  of  large  shallow  iron  pans  for  eva- 
poration. It  deposites  the  principal  impurities  in  the  first 
pans;  and  by  the  time  that  it  has  arrived  at  the  last  pan  in 
the  series,  the  liquid  is  a  saturated  and  tolerably  pure  solu- 
tion of  common  salt.  The  salt  precipitates,  and  is  raked  out 
and  placed  to  drain  on  an  inclined  plane,  at  the  edge  of  the 
last  evaporating  pan* 

If  a  salt  spring  contain  but  a  small  portion  of  salt,  it  may 
cause  too  great  expense  in  fuel  to  extract  it  by  the  method 
of  artificial  heat*  In  this  case,  it  is  brought  to  the  requisite 
strength,  which  is  considered  to  be  that  of  containing  30 
per  cent*  of  salt,  by  means  of  an  operation,  called  graduat- 
ing. This  consists  in  pumping  up  the  brine  to  the  height  of 
nine  or  ten  yards,  and  allowing  it  to  fall  upon  a  pile  of  fag- 
gots, upon  which  it  is  distributed  by  means  of  troughs. 
There  is  a  reservoir  below,  to  receive  the  brine  as  it  falls* 
This  management  has  the  effect  of  exposing  the  brine  to 
the  air,  minutely  divided;  whereby  evaporation,  the  sole 
object  of  the  process,  is  greatly  increased*    The  brine  is 
pumped  up  again  and  again,  and  allowed  to  fall  over  the 
faggots,  until  it  has  acquired  the  requisite  concentration.  It 
is  then  subjected  to  evaporation  by  artificial  heat* 
Sea-water       A  great  (leal  of  common  salt  is  extracttfd  from  sea*  water 
n^t  d^r  ^y  evaporation*  This  water  contains  between  two  and  three 
of  oommoQ  P^T  cent*  of  common  salt*   After  being  first  concentrated  in 
»»**•  large  rcser\'oirs,  by  evaporation  in  the  sun,  until  it  contain 

about  SO  per  cent*  of  salt,  it  is  subjected  to  artificial  evapo- 
ration. 


Boimni.  ^. 

5.  Chloride  of  sodium  (common  salt)  has  the  well  known  CmJOT. 
taste,  which  is  distinguished  by  the  epithet  8aHn  It  crystal-  Chloride  oC 
Gzes  in  cubes.  It  dissolves  in  about  2*8  parts  of  cold  water,  f^£?  *^ 
and  in  about  2*7  parts  of  boiling  water.    When  somewhat  ^"^^^^ 
heated,  it  decrepitates;  at  a  red  heat  it  melts;  and  at  a  white 

heat  it  evaporates,  without  undergoing  decomposition,  in  the 
form  of  a  white  smoke.  When  pure  it  is  not  affected  by 
exposure  to  air;  but  if  contaminated  by  chloride  of  magne- 
sium (muriate  of  magnesia)  it  becomes  deliquescent.  Hence 
moistness  in  common  salt  is  an  indication  of  impurity.  It  is  Spc«.  fr«v. 
somewhat  more  than  twice  as  heavy  as  water.  fr\9s. 

6.  It  js  composed  of 

Sodium  24 

Chlorine  36 
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7*  Chloride  of  sodium  (common  salt)  is  of  immense  uti-  Iti  genttiii 
lily  to  mankind.  It  would  appear  that  man,  as  well  as  all  "'^** 
piqrtiTorous  animals,  have  an  instinctive  relish  for  it  as  an 
article  of  food.  It  is  unquestionably  a  strong  and  very  grate- 
ful sumulus  to  the  stomach,  exciting  that  organ  and  pro- 
moting the  process  of  digestion.  It  is  one  of  the  most  pow- 
.  erful  antiseptics  known*  By  means  of  it  the  flesh  of  animals 
may  be  preserved,  fit  for  food,  for  any  length  of  time.  This 
property  of  common  salt  makes  it  invaluable  to  mankind. 

8.  In  medicine,  chloride  of  sodium  (common  salt)  is  a  Itt  uses  as 
very  useful  substance.  In  active  hxmorrhagies  of  the  lungs  '  "i^^icin"^' 
and  stomach,  it  is  one  of  the  most  efficacious  and  prompt 
remedies  that  can  be  used.  In  such  cases,  it  may  be  given 
dry  in  the  dose  of  a  table  spoonful.  It  is  also  well  suited  to 
some  cases  of  worms  in  children.  In  solution  it  forms  the 
salt  bath,  which  is  a  very  useful  remedy  in  many  diseases. 
It  is  particularly  useful  in  the  scrofulous  habit;  in  chronic 
eruptions,  and  in  short  in  all  diseases,  in  which  it  is  expe- 
dient to  excite  the  vessels  on  the  surface. 

VII.  Sodium  does  not  act  upon  azote;  but  when  heated  Sodium 
in  protoxide  of  azote  (nitrous  oxide),  it   combines  with  a  pJI^^Q^ide 
maximum   of  oxygen  and  is  converted   into  peroxide  of  of  azote, 
sodium. 

VIII.  Sodium  has  no  action  on  carbon;  but  when  heated  and  in  ear- 
in  carbonic  oxide  gas,  it  takes  fire  and  is  converted  into  *><""«  oxide, 
soda,  carbon  being  deposited. 

IX.  When  sodium  and  phosphorus  are   brought  in  con-  Phosijhurct 
tact,  they  combine  with  the  emission  of  a  feeble  light.  The°^"^***^- 
result  of  the  combination  is  phosphurt- 1  of  sodium.    It  has 

the  colour  and  appearance  of  lead.    When   exposed  to  the 
open  aif,  or  thrown  into  water,  it  combines  with  oxvgen  in 

H 
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Book  l   snch  a  wijr  ai  to  be  cooverted  into  pfaoipluite  of  soda*  It  is 
PiTJAmL  compoacdof 

Sodium  S4 

Photpborus        IS 

36 
Saiphoret  X.  Sulphurct  of  sodium  may  be  formed  by  bringing  its 
of  sodium,  constituents  in  contact.  The  union  is  attended  by  the  charac- 
teristic phenomena  of  combustion;  there  being  much  heat 
and  light  emitted.  It  has  a  deep  grey  colour.  When  heated 
in  the  open  air,  it  takes  fire  and  is  converted  into  sulphate 
of  soda.  It  is  composed  of 

Sodium  34 

Sulphur  16 
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XI.  Sodium  forms  no  important  alloys  with  the  metals 
already  described. 


SECTION  HI. 

OF  UTBHUM. 


Lithium,  I.  LiTHiUM  is  the  name  proposed  to  be  given  to  the 
nSiailof'** peculiar  metallic  substance,  obtained  by  Sir  H.  Davy,  upon 
lithia^anew  the  decomposition  of  lithia,  a  new  alkaline  salifiable  base, 
^Ufi'b?  discovered  about  the  beginning  of  the  year  1818,  by  Mr. 
^.  ^  Arfwedson,  a  young  Swedish  chemist,  and  a  pupil  of 
Berzelius. 

11.  Lithium  has  considerable  resemblance  to  sodium. 
The  only  combinarion  into  which  it  is  known  to  enter,  is 
that  with  oxygen;  whereby  it.  forms  lithia.*  The  alkaUiie 
nature  of  its  oxide  makes  it  proper  to  arrange  it  among  the 
alkalifiable  cpmbustibles.  Lithia  will  be  noticed  hereafter. 


SECTION  IV. 

OF  CALCIUM, 


Calcium;         I.  Calcium  may  be  obtained  by  exposing  mercury  to 
how  obtam.  negative  electricity  in  contact  with  pure  lime.  The  lime  is 
decomposed  and  its  base  calcium  is  found,  in  the  state  of 
an  amalgam.   The  calcium  may  be  separated  from  the  mer- 
cury by  distillation  in  the  vapour  of  naphtha. 


*  Up  Aniydt  of  Philotopby^  Vols.  xi.  tod  xU.  (1818.) 
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ipoD  ttme,  ia  order  to  dec(ini|MMt  it,  to  trhidi  '^'  thii  ltd  itTSSonK 
bf  his  we^ioiit  ditcovety  of  the  metiBic  rtdkob  of  pottoh  T- 
«1  sodn;  lie  receiTcd  k  ktter  firom  Btfrzelius,  in  wUch  die 
Svedieh  cfaemitt  conmunicated  tht^  InformatioQ,  that  he 
hd^  in  oo^jmictioo  with  Dr.  Pontin,  succeeded  in  ilecom- 
duo  tubocance,  end  obodning  its  radical  in  astate  of 
tvWi  aBercuiy* 

IIL  CifciuiH  has  hMn  but  vcrf  jnipeflecdy-  €Mmmmd^.Vnpn^ 
kis  m  aoHd  oiotal  of « ivhke  colonrv  reaeoibliiig  that-oEaib 
Mr.  tt  jwaaeaaes  oauaidenriile  weight.' 

TV*  When  calchim  is  heated  in  Ae  open  air,  it  butneBonwiBtiM 
hnttaadf^  and  the  prodoet  of  die  cottfausdan  is  pure  fiile.  ^^ 
Umt  will  ho  Gonaidotod  hereafter  as  an  alktf  no  saKfialAe'Sl;: 
bsse.  Cnkiofli  lias  hoen  latoljr  ascertained  bf  'ThenanttO' 
be  capaUo  of  ooaidiining  iridi  more  omen  diao.:0aUl«  in^ 
flBe*  Tina  coinbitiatwn  aiay  be  elTccied  by  adding'  httio^gpgiQgiiiig, 
k  ODceaa  tb  anpeloaddiMd  hydrocUcric  add.*  The  oaygcn' 
edsdqg  ia  the  add  becomes  traoaferrcd  to  dielimoand 
■tiafajf  Bin  MS  a  pefoonde  of  ealciua^f 

V*  Cnldnm  combines  in  one  propordon  widi  ohloiine,  CaWmi 
ad  tonoB  dbknride  of  ca1dnm»  *??*^'^ 

ORUXUDB  OP  CALCIUIf.  ^SS^  ^ 

ITflnl  ihBHiW  Mian    WMm  rf  Um. 
'lUeed  SaltSmmmiac  'Caiearenu  Marim  SaiL 


of  calcium  mav  be  obtained  by  saturating  Thii  ehio- 
of  lime  fchalk)  widi  hydrochloric  (muriatic)  acid.  ^SSJiS^ 
lYie  catbonic  add  is  evolved;  the  oxygen  of  the  lime  com- 
Uaes  widi  die  hydrogen  of  the  hydrochloric  acid,  so  as  to 
farm  water;  wUIe  the  caldum  of  the  former  and  the  chlo- 
fine  of  die  latter  unite  to  form  the  chloride.  It  may  be  ob- 
lained  also  by  lieating  lime  in  chlorine  gas.  Tlie  lime 
becomes  decomposed;  its  caldum  combines  widi  the  ddo- 
rine,  while  its  oxygen  b  set  free. 

2.  Cldoride  of  cddum  has  a  very  bitter  and  pungent  its  ^ro^r- 
taste.   It  is  very  deliquescent  and  very  soluble.  It  can-^'^ 
not  be  easily  obtained  in  civstals.    When  exposed  to  a 
videBt  heat,  a  portion  of  hydrochloric  (muriatic)  acid  is 
eduded,  which  owes  its  formation  to  the  decomposition  of 
water.  The  dloride  thus  altered,  has  die  property  of  shin* 


*a«i 


*  TiMHcdiM  ^Foy  Itteir  aMde  the  sitPMinliiiaiy  dlwovm 
(■OTMlk)  aeidy  wm  well  at  many  other  aeidt,  ii  eaiMble  or  eombiniog  with  a 
■■■bar  of  doiea  oroK^rfen.   The  peauliar  method,  wbieh  this  ebemiit  |iraetiied 
to  clleet  thoae  oombinaaooa,  will  be  mentioDod  under  the  hfeada  of  the  diffsreat 


tThama^  Aaasli.  (Jmi«  1M.) 
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Book  t  iiig  in  die  dark,  as  Homberg  first  obsenrcdy  and  it  nsiialij 
^^^'^^^'^^'  cdAcd  the  phosphorus  of  Homberg. 
Compol.        3.  Chloride  of  calcium  is  composed  of 

Calcium  21 

Chlorine  36 


tkm. 


Mediod 


Iodide  «r 


S7  0 

4.  Chloride  of  calcium  in  a  state  of  solution,  under  the 
name  of  the  water  of  muriate  of  Ume^  has  been  recom- 
mended by  several  physicians  in  scrofula  and  other  glandu- 
lar diseases*  The  average  dose  for  children  is  thirty  drops, 
and  for  adults  a  drachm  repeated  twice  or  thrice  a  day* 

VI.  Calcium  combines  with  iodine,  and  forms  iodide  of 
calcium*  It  may  be  obtained  by  saturating  lime  with  hy- 
driodic  acid,  and  exposing  the  compound  formed  to  a  strong 
heat*  In  the  first  instance  there  is  formed  diis  iodide  and 
water,  by  a  new  binary  arrangement  of  the  constituents  of 
the  acid*  and  of  the  lime.  The  water  formed  is  then  driven 
oflF  by  the  strong  heat  which  is  directed  to  be  employed. 
The  properties  and  composition  of  this  iodide  have  not  been 
made  out^ 


how  obtain- 
ed. 


Its  proper* 
ties. 


It  formt 
with  fixj- 
Xen,  hary- 
tetundper' 
oxide  m 
barkim. 


SECTION  V. 

OF  BARIUAT. 

I.  Barium  may  be  obtained  by  submitting  barytes  to  the 
same  electrical  agency  by  which  lime  is  decomposed.  It 
has  been  obtained  by  Dr.  Clarke,  by  exposing  barytes  to  the 
intense  heat  produced  by  the  combustion  of  a  stream  of 
oxygen  and  hydrogen  gases,  mixed  in  the  requisite  propor- 
tion to  form  water. 

II.  Barium  is  a  solid  metal  of  the  colour  of  silver.  It 
melts  at  a  temperature  below  redness;  but  is  not  volatilized 
by  a  heat  capable  of  producing  the  fusion  of  plate  glass.  It 
sinks  rapidly  in  water,  and  is  at  least  four  or  five  times  as 
heavy  as  an  equal  bulk  of  that  liquid. 

ni.  Barium  combines  in  two  proportions  with  oxygen, 
and  forms  barytes  and  peroxide  of  barium.  Barium,  when 
exposed  to  the  air,  absorbs  oxygen  and  is  converted  into 
barytes.  When  thrown  into  water,  it  decomposes  this  li- 
quid with  great  rapidity,  and  is  converted  into  the  same 
alkaline  body;  hydrogen  being  at  the  same  time  evolved. 


*  The  reader  is  pretnmed  to  be  aeauainted  with  the  eonititiienti  of  hjdriodli^ 
•eid;  they  having  heen  mentioned  anoer  the  head  of  h jdreaen»  p.  Vk 


o 

wil  tetomidflrtd  hereiftv  laider  ditlMtf  cFd^  CiA»n 
iafakhMct.  The  peMSid»  of  JMofaM  vlll?b«  ao" '"'-~**-^ 

IS  pMCCb 

ondeof  buiuM  aiay  be  femed  by  heating  di^ 
aqr^engM*  The  gas  is  absorbed  veiy  noidlf,, 
vidKNtt  the  emissioo  of  any  ught«  It  may  be  fonned  alaot 
hf  adding  barytes  in  excess  to  soperozidized  hydiechlorie 
acid.  Tke  o^gen  of  the  add  is  transferred  to  die  barytCBy 
wUdi  pvccipkntes  in  die  state  of  peroude**  3 

9»  ^bda  peitudde  has  a  grey  coloiir.  When  thrown  intol 
wabcr»  il  aefratcs  from  so  much  of  its  oxygen  as  ta  bcr 
CQiivciled  mio  baiytes*  When,  heated  m  hydrogen^  a  rapid 
■hsaiytiun  of  the  gaa  takes  idace^  accompaiiied  by  the  emis* 
of  s|Mvfca  from  the  peroxide.  Its  exact  composition  has 


rinm  combines  in  one  proportion  widi  dilorioetBntaa 
chlflride  of  barium.  SjMte. 

K  Chloride  of  barium,  usually  called  sMirta^r  ofbarif^^^'''^ 
any  be  pfepaied  veiy  easilyy  by  saturating  carbonate  of 
hayiM  with  faydrochfaric  (muriatic)  acid.  The  caiboiuc 
add  is  liberated^  and  the  constituents  of  die  barytes  and 
die  addy  unite  in  such  n  way  as  to  ibnn  the  cUoride  in 
fneatioo  and  water*  It  nuiy  be  formed  also  by  heating  ba- 
ijtes  in  chlorine.  The  barytes  becomes  decomposed;  iti 
hvinm  condmies  with  die  cUbrine^  while  its  oxygen  is 
evolved* 

i.  Chkride  of  liarium  has  a  pungent  and  disagreeable  iti  prapsr- 
taste.  It  dissolves  in  S^tha  of  its  weight  of  either  ht  t  or  ^'* 
cold  water.  It  is  not  altered  by  exposure  to  the  air.  When 
exposed  to  a  heat,  gradually  increased,  it  first  decrepitates, 
durn  dries,  and  afterwards  melts;  but  no  heat,  to  which  it 
bas  hitherto  been  exposed,  is  capable  of  effecting  its  decom- 
position. 

3.  It  is  composed  of  Compon- 

Barium  70  *^- 

Chlorine  36 

106 
4i  Chloride  of  barium  exerts  a  very  powerful  action  upon  It  an  aetife 
the  ammal  economy.  When  taken  into  the  stomach  in  suf-  P^^^*^- 
fident  quantities,  «>plied  to  the  skin,  or  injected  into  the 
veins,  it  produces  dei^  very  quickly.f  Its  poisonous  qua- 
lities, however,  have  not  prevented  its  use   in  medicine. 


*  Audi  arFhaoMDliT,  (Jn.  1819.) 

t  Set  NnncSiPt  «M%iiieiit  of  OrfiliTi  work  «ci  Paiioos,  p.  167. 


^2  BASIFIABLB  CX>lfBU8TIBLB8. 

B«oB  h  Gtvea  ill  tolution,  in  three  times  its  weight  of  water,  ii 
^^^'^^'^^  ^  doees  of  from  five  to  ten  drops,  cstttioiisly  increased,  it  k 
said  to  have  been  found  useful,  as  a  deobstruent,  in  remove 
ing  scrofulous  and  other  tumours*  It  has  also  been  used  in 
worms,  and  as  an  external  application  in  cutaneous  erap 
tions*  But  from  the  present  limited  knowledge  of  the  powen 
of  this  chloride,  much  cannot  be  expected  finom  its  use*  III 
extreme  activity,  however,  points  to  the  propriety  of  asce^ 
taining  the  exact  operation  which  it  exercises  on  the  humai 
system,  when  taken  in  small  doses*  This  once  known,  il 
might  afterwards,  perhaps,  be  employed  in  a  number  d 
diseases  upon  sure  principles. 
Iodide  of  V.  Barium  is  capable  of  forming  an  iodide.  It  may  hi 
hmiBL  obtained  by  passing  hydriodic  acid  over  barytes,  at  thl 
temperature  of— 4^.  The  barytes  becomes  red  hot,  suffSm 
decomposition,  and  the  resulting  compound  is  iodide  oj 
barium.  It  may  be  formed  also,  by  saturating  barytes  will 
hydriodic  acid,  and  exposing  the  compound  formed  lo  i 
red  heat.  In  tl^  first  instance  an  iodate  of  barjrtes  is  fbrmtc4 
this,  by  the  subsequent  exposure  to  heat,  is  converted  intt 
iodide  of  barium  which  remains  fixed,  and  water  wkich  ii 
driven  off  in  the  form  of  vapour. 


SECTION  VI. 

OF  STRONTIUM. 

Strondum;      I*  STRONTIUM   was   obtained  bv  Sir  H.  Davy,  Aon 
how  obtain-  strontian,  by  the  same  means,  which  were  employed  in  thi 

decomposition  of  lime  and  barytes. 
Its  proper-      II.  It  is  a  solid  white  metaJ,  considerably  heavier  thai 
^>***  water;  and  having  a  close  resemblance  to  barium* 

Forms  with     HI*  When  Strontium  is  exposed  to  air  or  thrown  int( 
ei7S^*      water,  it  combines  with  oxygen  and  is  converted  into  stron 
andperoK-  ^^^°*  T^^^^  oxide  of  Strontium  will  be  described  hereafter  ai 
ideofstroD-an  alkaline  salifiable  base.  Strontium  is  capable  of  forminj 
^"'™'         a  peroxide,  as  Thenard  has  lately  ascertained.  It  was  ob 
tamed  by  this  chemist  by  adding  strontian  in  excess  ti 
superoxidized  hydrochloric  acid;  the  strontian  abstracts  thi 
excess  of  oxygen  from  the  acid  and  hUs  down  as  a  per 
oxide.* 
Chloride  of     IV.  Strontium  combines  with  chlorine,  and  forms  cMorid 
strontiam.  of  strontium,  usually  called  muriaU  of  strontian. 


*  Annals  of  Fbfloiophy,  (Jan.  Itl9.) 


.  \ 


I.  Thk  diloride  may  be  obuuned  by  saturating  car-  CaAr.iu. 
boaatc  of  atrantiaa  with  hydrochloric  (muriatic)  acid,   it  g^^  .  " 
ii  Conned  in  consequence  of  a  similar  decomposition  to  tabed. 
Aat  which  takes  place  in  the  formation  of  the  chlorides  of 
€slciam  and  of  barium,  as  already  given. 

2«  It  mav  be  formed  also  by  heating  strontian  in  chlorine  Another 
gss:  the  ^dorine  combines  with  the  metallic  base  of  the°^^^^* 
strontian,  while  oxygen  is  evolved* 

3.  Chloride  of  strontium  has  a  peculiar,  sharp,  penetrating  Piqyrtwi. 
taste.  It  dissolves  in  two-thirds  of  its  weight  of  cold  water; 

bot  without  limit  in  boiling  water*  It  is  nearly  one  and  a  Spa*.  mT. 
half  umes  as  heavy  as  water.  ^'^ 

4.  It  is  composed  of  cimw»- 

Strontium  44  tkn. 

Chlorine  S6 

80 

V.  Strontium  combines  with  iodine,  and  forms  iodide  of  Iodide  of 
strontium.    This   iodide   may   be  obtained  by  saturating '^'^^^"^ 
stronuan  with  hydriodic  acid,  and  exposing  the  compound 
formed  to  a  violent  heat  in  a  close  vessel.   The  hydrio- 
date  of  strontian  is  first  formed,  which,  by  the  subsequent 
exposure  to  heat,  is  converted  into  the  iodide  in  question. 


SECTION  VII. 

OP  MAGNESIUM. 

I.  Sir  H.  Davy  first  obtained  this  substance  from  mag-  Mqneiiaia 
nesia,  by  subjecting  it  to  the  same  galvanic  agency  by^^'^^' 
which  bary tes  and  lime  had  been  decomposed.  H.  D^rj. 

II.  Magnesium  is  a  solid  white  metal,  in  colour  resem- 
bling silver* 

III.  Magnesium  combines  in  one  proportion  only  with  Forms 
oxygen,  and  the  resulting  compound  is   magnesia*   1his™j[f*^ 
combination  takes  place  whenever  magnesium  is  exposed  gen. 

to  the  air,  or  thrown  into  water.  Magnesia  will  be  described 
hereafter,  in  a  separate  section,  under  the  head  of  alkaline 
salifiable  bases. 

IV.  Magnesium  combines  in  one  proportion  with  chlorine,  chloride  of 
and  forms  chloride  of  magnesium,  usually  called  muriate  ^masneuum. 
magnesia. 
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Book  L       !•  This  chloride  may  be  formed  by  heating  pure  magnesia 
DiyiMon  L  jp  ehlorine  gas.  The  chlorine  combines  with  the  magnesium, 
Howob-     while  the  oxygen  is  evolved.   It  may  be  prepared  also  by 
tallied.      .  dissolving  carbonate  of  magnesia  in  hydrochloric  (muriatic) 
acid.  When  prepared  in  the  manner  last  mentioned,  the 
chloride  is   combined  with  water.   The   water   owes   its 
formation  to  a  particular  decomposition,   of  which   the 
reader  has  had  many  examples  already. 
PrcMBtin       3.  Chloride  of  magnesium  combined  with  water  exists 
■ea  wmter.   ready  formed  in  sea  water,  and  in  some  mineral  springs. 
Prapertwt.      3.  Chloride  of  magnesium  has  a  hot  and  biting,  and 
extremely  bitter  taste.  It  is  deliquescent  in  the  air,  and 
cannot  be  made  easily  to  crystallize.   It  dissolves  in  rather 
more  than  half  its  weight  of  water.   When  exposed  to 
a  strong  heat,  if  water  be  present,  that  liquid  is  decom- 
posed,   and    the   chloride   is   changed   into   hydrochloric 
(muriatic)  acid  and  magnesia. 
SpoojpvT.     ^  This  chloride  is  somewhat  more  than  one  and  a  half 

1*^-    times  as  heavy  as  water. 
Compoai-        5.  It  IS  composed  of 
^^'  Magnesium  12 

Chlorine  36 

48 
V.  Magnesium  is  not  known  to  combine  with  any  other 
substances  already  described. 


SUB-CIiASS  II. 

Seeondiub-  This  sub-clas8  embraces  those  basifiable  combustibles 
daMcf  ba-  which  are  converted  into  earthy  salifiable  bases  by  com- 
emnbuU-  blning  with  oxygen.  They  are,  1.  Yttrium;  2.  Glucinum; 
bletenaiiio-3.  Aluminum;  4.  Zirconium;  5.  Thorinum;  6.  Silicum. 
™**^  These  bodies  will  form  the  subjects  of  the  six  following 
sections. 

SECTION  L 

OF  YTTRIUM. 

Yttriam:  I.  Very  little  can  be  said  under  the  head  of  Yttrium.  Sir 
how  obuun-  jj.  Davy  succeeded  in  the  decomposition  of  the  earthy  sa- 
lifiable base  y  ttria,  by  passing  potassium  over  it,  when  heated 
to  redness:  the  potassium  was  converted  into  potash,  and  a 
number  of  metallic  particles  were  developed.  From  the 
result   of  this   experiment,   there   can  be  no  doubt  that 


ALUMfHUM.  Mm 

jttiia  was  decomposedi  bi|t  ifs  baye  ▼&»  obtained  in  qiian-  Oa^.ig. 
titles  too  small  to  admit  of  accurate  examination.  ^ 

II.  At  present  the  only  substance  known  to  be  capable  CombiDed 
•f  eombining  with  yttrium  is  oxygen;  and  the  result  of  the  ^i^ j»7* 
oooibination  is  yttria*  Yaria  will  be  described  hereafter  j^^iiu™' 
WKler  the  head  of  earthy  salifiable  bases. 


SECTION  II. 

OF  GLUCINUML 

I.  Glucinum  was  obtained  from  th^  earthy  salifiable  Gia«iniim: 
base  glucina,  by  heating  it  in  contact  with  potassium.    The  how.oliuiii. 
potassium  became  converted  into  potash,  and  a  number  of 

dark  coloured  metallic  parUclcs  were  developed.  These 
particles  were  considered  to  consist  of  a  peculiar  metal, 
which  was  accordingly  called  glucinum. 

II.  Glucinum,  when  thrown  into  water,  decomposes  that  Fomu  gin- 
liquid,  combines  with  oxycren,  and  is  converted  into  irlucina.  ^^*^, 
Synthesis,  therefore,  as  well  as  analysis,  goes  clearly  to  vith  osj- 
show  that  gbicina  is  an  oxide  of  ffhicinum.    Giucina  will  be  8^* 
described  hereafter  under  the  head  of  earthy  salifiable 


SECTION  III. 

OF  ALUI^nNUM. 

I.  Sir  H.  Davy  was  led,  from  analogy,  to  suspect  that  Aluminum: 
alumina  (in  an  impure  state  called  clay)  like  the  ojther  **°^  °**^""' 
earthy  salifiable  bases,  was  a  compound  of  a  metallic  body 
and  oxygen;  and  he  verified  this  suspicion  by  passing 
potassium  over  alumina  heated  to  whiteness.  The  potas- 
sium became  converted  into  potash,  and  a  peculiar  metallic 
substance  was  developed,  which,  when  thrown  into  water, 
combined  with  oxygen,  and  produced  alumina.  The  fair 
conclusion  to  be  drawn  from  these  facts  is,  that  alumina  is 
composed  of  the  peculiar  metal  thus  obtained  and  oxygen. 
It  is  this  peculiar  substance  which  is  called  aluminum. 

II.  Aluminum  has  not  been  obtained  in  sufficient  quanti-  its  proper- 
ties  to  enable  the  chemist  to  give  it  an  accurate  examination.  ***^*'  pot  at- 
The^  only  combination  into  which  it  is  known  to  enter  is  Combined 
that  with  oxygen,  which  results  in  the  formation  of  alumina,  vith  oxy- 
as  already  stated.   Alumina  will  be  described  hereafter,  fuamlniu 
under  the  head  of  earthy  salifiable  bases. 

I 
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iJaS.  SECTION  IV. 

OP  zmCONIUAL 

ZireoDiapu     I.  ZiRcoNiUM  was  cxposcd  by  Sir  H.  Davy  to  the  tame 
how  obtaia- agents  of  decomposition,  by  which  the  other  earthy  salifia- 
ble bases  were  decomposed;  and  it  gave  similar  indicatioiis 
of  being  a  compound  of  a  peculiar  metallic  body  and  oxy- 
gen. Zirconium  is  the  name  applied  to  this  peculiar  sub* 
stance. 
F^Minszir-      II.  It  has  not  been  possible  heretofore  to  make  oat  the 
oombina-     P^^P^i^i^^  of  this  metal.  The  only  substance  with  which  it  is 
lion  with     kn6wn  to  combine  is  oxygen,  with  which  it  forms  zirconia» 
<»7Ktt*      Zirconia  will  be  described  hereafter  under  the  head  of 
earthy  salifiable  bases. 


SECTION  V. 

OF  THOBINUM. 

Thfvinum,      I,  Berzelius  has  discovered,  in  a  mineral  found  in 
^^^JH^^j*"  Sweden,  an  incombustible  body,  which  has  all  the  pro- 
of the        perties  of  an  earthy  salifiable  base.   He  has  given  to  it  the 
JJJ^^j^^name  of  thorina.   There  can  be  very  little  doubt  that  this 
thoriDA.      body  is  similarly  constituted  to  those  usually  called  eartK$^ 
and  consequently  that  it  is  a  metallic  oxide.  Depending  upoA 
the  evidence  of  this  close  analogy,  Berzelius  has  assigned 
to  it  a  metallic  base,  which  he  calls  thorinum^   Thorinum, 
therefore,  is  a  hypothetical  substance;  and  is  introduced 
here  for  the  sake  of  perspicuity,  and  to  avoid  the  anonudy 
in  arrangement  of   placing  thorina  in  the  same  class  with 
azote;   which  position  it  would  have  to  assume  upon  the 
supposition  that  it  was  not  a  compound. 

II.  Thorina  will  be  described  hereafter,  under  the  head 
of  earthy  salifiable  bases. 


SECTION  VI. 

OF  SIUCUM.* 

SiUcum:         I*  SiLicuM  was  first  obtained,  through  the  agency  of 
how  obtain^  galvanic  electricity,  from  silica  (pure  flint)  by  professor 

*  Dr.  ThomiOD  plteet  aUeiiiii  among  the  addifiable  oombottiblei;  beoMite  he 
betieret  that  lufficieot  reason  has  been  giren  for  tuppoaing  that  aiSea  (oxide  if 
ailieam)  perforroa  the  part  of  an  aeid.  In  this  particolar  I  Care  not  followed  Dr. 
Thomson;  not  bemg  satisfied  that  its  elose  analogy  to  aoids  has  been  well  made 
oat.  There  are  indm  some  eiroiimstaneea  with  regard  to  siliea,  in  whieh  It . 
differs  partieularlj  from  all  the  other  earthj  salifiable  bases;  but  theae  do  not  eall 
for  the  measure  of  assoeiating  it  with  aeids,  where  it  eannot  stand  withoot  Tin* 
luting  the  obvious  aud-niAurid  analogiei  of  chemical  bodies. 
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Berzelios  of  Sweden.  It  was,  however,  in  a  state  of  alloy  Giav.  m. 
fith  iron.    It  was  afterwards  obtained  in  a  separate  state,  — ~— 
If  Sir  H*  Davy,  by  passing  potassium  in  excess  over  heat- 
ed silica,  contained  in  a  platinum  tube.   But  the  quantities 
ii  which  it  was  obtained  were  too  small  to  enable  this 
ebemist  to  make  out  many  of  its  properties. 

II.  Stticuai,  obtained  by  Sir  H.  Davy's  method,  appears  Forms  uii. 
is  the  form  of  a  dark  coloured  powder.  It  seems  capable  of  f^  "°'^^ 
bearing  a  very  high  temperature  without  alteration.   When        ^ 
dtfown  into  water,  it  decomposes  that  liquid,  combines 
with  oa^Bcn,  and  is  converted  into  silica.  Silica  will  be 
described  hereafter,  under  the  head  of  earthy  salifiable  bases. 

IIL  Silictim,  combined  with  fluorine,  is  supposed  to  con-  Simpoied 
stitute  the  peculiar  acid  called  fluosilicic  acid.  It  is  form- 1?^|^^ 
cd  by  the  distiUation  of  fluor  spar  with  sulphuric  acid  in  Suoriiie. 
glass  vesseb.  It  will  be  described  hereafter  under  the  al- 
tered name  of  silicofluoric  acid. 


8UB-CLA8S  in. 

Tna  sub-class  of  basifiable  combustibles  comprises  those  Bniibble 
vbich  form,  by  combining  with  oxygen,  salifiable  bases,  ^^f^^ 
vkkh  have  neither  alkaline  nor  earthy  properties.  They  third  tub- 
tre  the  following:  mSt^"' 

1.  Iron;  2.  Nickel;  3.  Cobalt;  4.  Manganese;  5*  Cerium; 
6.  Uranium;  7*  Zinc;  8*  Lead;  9.  Tin;  10.  Copper;  11. 
Bismuth;  12.  Mercury;  13.  Silver;  14.  Gold;  15.  Plati- 
num; 16.  Palladium;  17.  Rhodium;  18.  Indium;  19.  Os- 
mium; 20.  Titanium. 

All  these  combustibles  are  metals.  They  will  be  described 
in  the  order  in  which  they  have  been  named  in  the  follow- 
ing sections. 

SECTION  I. 

OF  IRON. 

I.  Iron  may  be  obtained  pure  by  the  following  process:  ProoeMfor 
Treat  the  mineral  called  pyrites^  which  is  a  sulphuret  of  iron,  j^^^^ISe. 
repeatedly  with  boiling  nitric  acid.  By  this  measure  the 
sulphur  becomes  acidified  and  the  iron  oxidized;  so  that 
the  sulphuret  is  changed  into  a  sulphate  of  iron.  Decompose 
this  sulphate  by  means  of  hydrochloric  (muriatic)  acid:  this 
acid  separates  the  sulphuric  acid,  and  combines  with  the 
oxide  of  iron,  leaving  the  impurities  untouched.  To  the 
idutioQ  as  it  now  stands,  add  chloride  of  barium  (muriate 
ef  barytes):  water  is  immediately  decomposed;  the  barium 
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Book  L    18  converted  into  barytes,  which,  combining  widi  the  sill* 
Ditwonl.  phuric  acid,  forms  the  insoluble  compound  called  sulphate  gf 
barytes;  while  the  chlorine  combines  with  bydrogen^  and  is 
changed  into  hydrochloric  (muriatic)  acid«  After  separating 
the  insoluble  sulphate  of  barytes  by  the  filter,  notmng  r^ 
mains  but  a  solution  of  pure  oxide  of  iron  in  hydrochloric 
(muriatic)  acid*   To  this  solution  add  a  solution  of  carbo- 
nate of  soda  (common  soda):  a  double  decompositioo  itt* 
stantly  takes  place;  the  carbonic  acid  and  oxide  of  iron  com* 
bine  and  form  the  insoluble  compound  called  carbonate  of 
iron;  while  the  hydrochloric  acid  and  soda  unite  so  as  to  form 
chloride  of  sodium  (common  salt)  and  water*  Separate  the 
carixNiate  of  iron  by  the  filter,  and  after  being  washed  snd 
dried,  expose  it  to  the  action  of  a  strong  red  heat:  the  car- 
bonic acid  is  driven  oflF,  the  oxide  is  reduced,  and  a  button 
df  pure  iron  is  obtained. 
Iron,  ex-         II-  When  iron  is  separated  from  its  ores  by  the  oiami^ 
tracted       facturer,  the  proccss  is  very  different  from  that  just  given; 
oi^a,  ob-    and  the  result  is  the  production  of  the  metal  in  a  ^tate  very 
***»««** '"  _f  far  from  being  pure.  It  is  called  cast  iron^  and  owes  its  pe- 
oMt  iroo.    culiar  properties  to  the  presence  of  carbon. 
ProeeM  for      !•  'I'he  ore  from  which  cast  iron  is  obtained  is  generaUy 
cAtaiiAia    a  mixture  of  oxide  of  iron  and  clay.  It  is  reduced  to  ailw 
^^"^^^    piccefc,  mixed  with  charcoal  and  limestone  (carbonate  oC 
lime)  and  exposed  to  a  violent  heat  in  a  furnace,  irbferdqr 
the  whole  becomes  melted.  After  remaining  in  fusion  Cor 
n  sufficient  time,  a  hole  is  opened  in  the  lo#er  part  of  the 
fbrnace  and  the  iron  tuns  out. 
Prooeifl  2.  In  the  above  process  the  use  of  the  limeatone  alld 

explained,  charcoftl  may  be  thus  explained.  At  the  high  tempenitiue 
to  which  the  ore  is  raised,  the  oxygen  which  it  coataiMi 
combines  with  the  charcoal  and  flies  off  in  the  form  of  car- 
bonit  acid.  Oh  the  other  hand  the  lime  of  the  lihieatoiit 
combines  with  the  clay  and  forms  a  kind  of  liquid  glaaiw 
This  fused  compound  being  lighter  than  the  iron,  swims 
on  the  surface.  In  this  way  both  the  substances,  widi  which 
the  metal  is  combined  in  tne  ore,  are  separated.  The  open- 
ing made  in  the  lower  part  of  the  furnace  allows  the  fatm 
to  run  out  unmixed  with  the  supernatant  impurities. 

3.  If  the  iron  o^  contain  sulphur  and  arsenic,  theae 
substances  are  to  be  driven  off  by  exposure  to  a  sufficiemt 
heat.  This  process  is  called  roasting, 
east  iron  b  4.  Cast  iroo,  according  to  its  colour,  is  distinguished  into 
f^White  •^^*™^  kinds.  White  cast  iron  is  very  hard  and  brittle;  not 
ca»i  iron;  BUsceptiUe  of  being  filed,  bored  or  bent,  atid  very  liable  to 
3.  Grej  break  when  suddenly  cooled.  Grey  or  mottkdcaat  iron  has 
cut  iron;  or  ^  granular  texture,  and  is  not  nearly  so  hard  or  brittle  as 


Xfc  gim  mm  km^  k  thtlMrt  vkri^k  Ik  kttoMn  ofs.  m^ 
4AMfeik»or«Mf  inik  It  it  mMc  foMLt  MdtBM  ■o-*^''^ 

"       "  'eSDelK^lMM. 


<k  9ttUm  MfbM,  cHt  {roB  coiitM—  osid*  tad  phcMph**  n*""! 

MofflftBilBAiUk*.  Itliw  becnfomidbyccpcriiDaiitthM^^^^ 

WUitcHtinio  *)  I    f  Vv*hof  in  vcightofcartMib    atmu 

<■  CmI  tna  may  be  converted  into  maUexble  iroo  by  the  OMbov 
fcBowiag  pflDCcSK  Meh  it  hi  «  ttvefbcrmtory  funi«e,t  lad  JSJJJt- 
miIe  iIk  iMMMf  dta  IimI  pbf  wpoa  its  lorfate.    Stir  it  mMtMt 
cmiiianity,  so  as  to  bring  succcMlvely  eyeiy  pqrtiofi  of  the  ^"°- 
imn  in  contact  with  ibt  air.  After  ttiie  ■dTnag  hu  c6iitinu- 
td  one   hour,  the  melted   mctil  bcno*  to  llcivc  ud  iwellf 
jfid  to  emit  a  blue  lambent  flstne.  Aa  Uie  procew sdvincet^ 
1  Kquirca  more  and  morti  coosistency.    After  it  his  been 
llttiU  state  for  another  hotir  tt  ■ud»mly  eoomU  iata  ■ 
tiih  mass.   In  this  stntc,  fthile  yet  bdt,  it  U  kueti  by  ^ 
heavy  hammer.  The  cast  iroA  it  BpW  CQoVnted  into  nal- 
leable  iron. 

7.  The  conversion  of  cast  tiron  into  taaUteUc  Ittm  mi^  be  ThliM* 
Aim  explained.  By  constantly  stirring  the  cast  troi^,  while  the  V^^  "' 
laxM  MdM  fbrnaoe  is  made  to  play  upon  iu  surface,  the 
Chanoil  irikich  it  contains  is  gradually  burnt  out.  As  this 
Icpantipli  adrtiices  the  metal  becomes  less  and  less  fusible; 
IM  tfda  is  the  cause  of  its  gradually  acquiring  consistency. 
'Whm  it  Congeals  it  is  the  pure  iron  only,  which  takes  tht 
nHd  lomii  the  cast  iron,  sull  in  a  state  of  fusion,  renitaining 
■h  tta  Wcftdces.  The  object  therefore  of  the  Subsequent 
haatring  is  obnoas;  it  drives  out  the  fused  cast  iron,  and 
fiirces  the  purticks  of  pure  iron  together,  so  as  to  form  a 
K^  inaas.  Ciiat  iron,  by  undergoing  this  process  for  coo- 
vcniioD  into  malleable  iron,  looses  more  than  one-fourth  of 
its  weight. 

IIL  Irra,  when  pun,  poBscstes  the  following  properties.  Pnpertw* 
It  has  ■  bluish  white  colour  and   fibrous  texture.    When!''^!"" 

■  Aa  btNSMBt  ftr  owaMrfnt  bigb  Atpttt  td  lint,  tanntad  hj  We^v 
tAhiMWvhcMbadj)i«aTeicd«ithftd<n4>  whtfA  tcm«s(Mna«Um- 
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BoME  1.  polished  it  possesses  considenible  brilUancy.  It  has  ast3rptic 
^3!!!2LL.  taste,  and  emits  a  peculiar  smell  when  rubbed.  It  is  ductile^ 
flexible  and  malleable.  Its  hardness  is  considerable,  and  its 
tenacity  very  g;reat.  When  perfecdy  pure,  it  is  not  sus- 
ceptible of  the  magnetic  impression.  It  melts  when  heated 
to  the  temperature  of  158^  of  Wedgewood. 
Spee.  gr&T.     IV.  It  is  about  seven  and  a  half  times  as  heavy  as  wateff 

to  7*8.  ^*  '^  ^^y  ^  B^^c  ^  bum  in  the  following  manoerf 
Plunge  into  a  jar  containing  oxygen  gas,  a  small  iron  wirei 
to  one  extremity  of  which  a  small  piece  of  cotton,  in  a  state 
of  inflammation,  is  attached:  the  iron  wire  catches  fire  and 
bums  with  a  vivid  flame. 

Iron  fbrmi       VI.  Iron  combines  in  two  proportions  with  oxygen^  and 

two  oxides.  fQj^3  protoxide  and  peroxide  of  iron. 

1.  ProtPx-  PROTOXIDE  OF  tBOV. 

ide  of  iroo.  Former  namet.  Martial  Ethupt. — Sealer  rf  Urmi, 

How  Ob-         !•  This  oxide  may  be  obtained  by  dissolving  iron  in  sol- 
ttined.       phuric  acid  (oil  of  vitriol)  and  pouring  into  the  solutioii 
thus  formed,  a  solution  of  potash.    The  acid  converts  the 
iron  into  this  oxide,  at  the  expense  of  the  water  which  it 
contains,  and  then  dissolves  it:  the  added  potash,  having  a 
stronger  tendency  to  combine  with  sulphuric  acid,  than  die 
oxide  of  iron  has  to  retain  it,  combines  with  the  former^ 
while  the  latter,  being  insoluble,  falls  in  the  form  of  powder. 
Other  me-       2.  Protoxidc  of  iron  may  be  obtained  by  several  other 
thodf.        methods.  It  is  formed  when  iron  filings  are  kept  under 
water,  for  a  sufficient  length  of  time,  at  a  temperature 
above  70^.  When  iron  is  subjected  to  a  red  heat,  its  surface 
becomes  converted  into  this  protoxide;  so  that  the  scales^ 
which  are  driven  off  from  red  hot  iron  stmck  on  the  anvil, 
consist  of  this  oxide.  This  same  oxide  is  formed  also  dur- 
ing the  combustion  of  iron. 
Propertiet       3.  Protoxide  of  iron  is  a  black  tasteless  powder,  insolu- 
todd^  P"^  hie  in  water.  When  newly  precipitated,  however,  it  b  green, 
but  becomes  black  by  being  dried  quickly  in  close  vessels* 
Its  solutions  in  acids  have  a  pale  green  colour,  and  a  swee^ 
ish  astringent  taste. 
Compoti-        4.  Protoxide  of  iron  is  composed  of 

Iron  28 

Oxygen         8 


tion. 
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Utcd  in  5.  Protoxidc  of  iron  is  used  in  medicine,  with  a  view  to 

medidoe.    j^g  ^^^^  properties.  But  for  this  purpose,  carbonate  of  iron 
(mst  of  iron;  is  preferable. 


IRON.  yi 

Cbaf.  ni. 

S.  Fen 
Med  Oxide  rf  trtm  of  the  Ed.  CoUege.^Fomieriy  called  Ss/m  9f  Man.    of  iron. 


PEROXIDE  OF  IRON.  „  „       . , 

S.  Peroxide 


1.  This  oxide  may  be  obtained  by  exposing  a  diluted  so-  Howob- 
ludon  of  iron  in  sulphuric  acid,  for  a  long  time,  to  the  at-  ^i'^- 
mosphere,  and  then  adding  to  it  a  solution  of  potash:  a 
powder  precipitates,  which  consists  of  the  oxide  in  question. 

5.  By  the  exposure  of  a  solution  of  iron  in  sulphuric  acid  Proeeit  ez- 
to  the  ur,  the  protoxide,  which  at  first  exists  in  it,  is  gra*  ^^^ 
dually  changed  into  the  peroxide  of  iron  by  the  absorption  of 
oxygen.  A  solution  of  potash,  added  to  the  solution  of  iron 

thus  changed,  combines  with  the  sulphuric  acid  and  throws 
down  the  peroxide. 

3.  Peroxide  of  iron  may  be  formed  also,  by  exposing  iron  Another 
filings  to  a  red  heat,  and  subjecting  them  to  constant  agita-  P''^'^^^ 
tioiu  Oxygen  is  absorbed,  and  the  iron  converted  into  this 
oxide. 

4.  Peroxide  of  iron  is  a  tasteless  and  insoluble  powder  Propertiei 
of  a  fine  red  colour,  with  a  shade  of  yellow.  Its  solutions  in  ^0^^  ^^' 
adds  have  a  brownish  or  yellowish  colour  and  a  sweet 
sitriDfl;ent  taste. 

$.  It  b  composed  of  Compori- 

Iron  56  tien. 

Oxygen        24 

80.-— So  that  it  appears 
that  this  osde  contains  one  and  a  half  times  as  much  oxy- 
gen as  the  protoxide;  or,  which  is  the  same  thing,  three 
times  as  much  oxygen  united  to  twice  as  much  iron. 

6.  Peroxide  of  iron  agrees  pretty  much  in  medical  pro-  xjaed  in 
perties,  with  the  protoxide.  medieine. 

VII.  Iron  combines  in  two  proportions  with  chlorine  Iron  formi 
and  forms  protochloride  and  perchloride  of  iron.  ridet?****" 

!•  Protochloride  of  iron  mzY  be  obtained  by  dissolving  i.  Proto- 
ipon  in  hydrochloric  ^muriatic)  acid,  evaporating  the  solu-  S***^** 
tion  to  dryness,  and  then  exposing  it  to  a  red  heat  without  udoed. 
the  contact  of  air.   The  mass  obtained  is  this  chloride.  In 
the  process,  hydrochlorate  of  iron  is  first  formed;  which, 
upon  exposure  to  a  red  heat,  is  converted,  by  a  new  arrange- 
ment of  its  constituents,  into  the  chloride  under  description 
which  remains  fixed,  and  water  which  is  driven  off  in  a 
state  of  vapour. 

8.  Protochloride  of  iron  has  a  variegated  grey  colour,  Itiproper- 
and  a  lamellated  texture.    It  possesses  the  metallic  lustre.  ^^ 
When  betted  to  redness  it  fuses,  but  does  not  volatilize. 
dinolred  i^vwater  it  combines  with  the  constituents 


M  BASIFIABLB  COMBUSTIBLES. 

BooxL    of  that  liquid  in  such  a  manner  as  to  form  hydrochlorate 
DiviskmL  (green  muriate)  of  iron. 
Compoa-        3.  It  is  composed  of 
tkm.  Iron  28 

Chlorine        36 

64 
s.PeroUo.      1.  Perchhride  ofirofi  may  be  obtained  by  evaporating 
StliSS^   pcrhydrochlorate  (red  muriate)  of  iron  to  dryness,  and  af- 
terward heating  it  in  a  tube  furnished  with  a  narrow  orf ice. 
It  may  be  formed  also  by  burning  iron  wire  in  chlorine  gas* 
The  product  of  the  combustion  is  this  chloride, 
lu  proper-      3.  Perchloride  of  iron  has  a  bright  brown  colour.    It  is 
tiei.  volatilized  at  a  moderate  heat,  and  may  be  made  to  depo- 

site  in  minute  brilliant  crystals.  When  dissolved  in  water, 
it  combines  with  the  constituents  of  this  liquid  in  such  a 
manner  as  to  be  converted  into  perhydrochlonM  (red  mu- 
riate) of  iron. 

3.  It  is  composed  of 

Iron  .  28 

Chlorine       53* 

81 

Iodide  of         VIII.  Iron  combines  in  one  proportion  with  iodine  and 
'^^^^^  forms  iodide  of  iron.  It  may  be  formed  by  heating  iron  in 

the  vapour  of  iodine. 
Iron  fbrmi      1^*  '^^^  Combined  with  carbon,  forms  different  carburets 
teverai  car-of  irou.  The  principal  ones  are  known  by  the  names  of 
bureu.       plumbago  and  steeL   These  substances  wiA  be  noticed  in 

the  order  in  which  they  have  been  named. 

I.  Pluinba-  PLUMBAGO. 

«**•  Syn.  Jilack  Lead.—GrapMte, 

Found  na-        1.  This  Carburet  is  never  formed  artificially  by  the  chc- 
^i!daiiee.  "**^^  '^  occurs  abundantly  nauve  in  different  parts  of  the 
*  world.  The  plumbago,  of  which  black  lead  pencils  %re  ma- 
nufactured, is  the  product  of  the  mine  of  Barrowdale  in  the 
county  of  Cumberiand,  England.    It  is  said  that  this  is  the 
only  mine  which  furnishes  black  lead  fit  for  the  formation 
of  pencils.  Plumbago  is  employed  for  making  crucibles. 
Properties       2.  Plumbago  has  a  dark  steel' grey  colour.  It  possesses  the 
ofi>iumba.  metallic  lustre.  It  is  soft  and  has  a  greasy  feeL  When  kept 
at  a  red  heat  in  the  open  air  it  gradually  wastes  away.  It 
contains  about  one-twentieth  of  its  weight  of  iron. 


V^^y  ®^  ^^  tlMS  /oUowing  general  properties*  which  apply 

prJKSSi  «»» J» !?•  tOjOliI*  varittiea.  It  is  brittle,  and  so hiSdas 
•'""^     lo  miaciheMliMvrAff  Ob  It  atnkw  lice  with  aint»  and 


is  capable  of  rclgmiag  the  magnetic  ▼iftuc  fcyr  u^  lepgtl)  of  CBjy.HL 
diiic.  It  is  qdidleable  at  a  rfB4  beat,  but  scarcely  SQ  al  a  wUtc  "^'^^''^'''f'^^ 
It  may  be  bammercd  ioto  much  thimier  plates  than  iron* 


Ila  melting  point  is  at  the  temperature  of  130P  of  Wedger  Spee.  gnT. 
wood.  When  hammered  it  is  somewbllt  more  than  seyca  ^'^■^  '^'^ 
and  a  half  times  as  heavy  ^  water*  ^ 

f.  Stpel  amy  bfs  easily  distinguished  from  irqn  by  dropr  Hov  dbtia- 
ping  upon  it  a  litde  ai|ric  acid«  This  acid  wiU  form  a  black  S^^ 
Slain  upon  ajtrel,  occa^ionitd  by  th^  parbqa  ir^cb  it  deve- 
lopeSf  but  it  causes  a  whitish  green  mark  upon  iron* 

3.  Steel  has  the  property  ^  becoming  qducl)  harder  by  M^hod  cf 
(Kiag  heated  to  redi^es^,  ^nd  then  plunged  into  qold  water*  ^|^^^^|^^ 
Cutting  instruments  are  submitted  to  this  proqess  of  har- 
dcQjqg  after  they  are  m^de.  Put  afterarards  ^s  hardness 
puat  he  lessencjd;  otherwise  i^  fine  and  durable  ledge  could 
not  be  given  to  fiu  instrument.  The  process  of  softeaing 
steel  a  little  is  called  tempering^  a^  if  perforpied  by  hcatr 
iog  it  until  it  assume  some  particular  colour,  when  it  is 
plunge4  into  water* 

4b  Cutting  iiMtruments  requir/e  different  degrees  of  bar-  Proeettfar 
denifi^  4(Ccor4ing  to  the  use  tor  which  they  are  intended*  A  £ff|^I|^' 
different  hardneaa  is  produced  for  .every  colour,  which  the  degrees  of 
tteel  ia  i^^^e  to  ^^fupCf  before  beipg  plunged  into  water*  ^*!|!!^!3[ 
Theae  colours  dpcur  in  regular  succession  in  proportion  as  ^'^^^ 
ijtus  heat  advivices,  apd  are  the  indications  of  particular  tem- 
peratures. When  the  heat  is  raised  to  ^  temperature  of 
n?Qfla  400^  to  450^,  the  colour  which  the  steel  assumes  is  a 
very  pale  yellow.  At  460^  it  is  a  straw  yellow*  This  colour 
^iradually  deepens,  until  the  temperature  reaches  500^,  when 
It  becomes  a  bright  hrowi^sh  metallic  yellow.   If  the  heat 
'  \ffi  atilji  farther  increased,  the  surface  of  the  steel  becomes 
yeUow,  hcown,  red  and  purple  suQcessive^y,  until  the  tern* 
perature  reaches  990^  when  the  colour  becomes  uniformly 
dec|^  .blue*  By  a  farther  increase  of  temperature,  this  colour 
gradually  weakens  until  at  last  the  red  heat  is  produced. 

5.  There  are  several  varieties  of  steel;    the  principal  of  Principal 
which  arc  natural  steely  steel  of  cementation^  and  cast  steeL  JJ^J^  ^ 
These  varieties  will  be  noticed  in  the  following  paragraphs. 

Om  Natural  Steel  is  formed  by  exposing  cast  iron  in  a  fur-  natural 
oace,  for  a  considerable  time,  to  a  violent  heat,  covered  witi)  '^^*- 
a  mass  of  melted  scoriae,  five  or  six  inches  deep.    Steel 
contains  less  carbon  than  cast  iron;  and  this  conver;$ion  is 


ia  a  proeeM  vhicli  coosiits  iu  the  suiTOunding  of  one  body  vith 
of  aome  other,  and  eiposing  the  whole  tea  strong  heutj  but  not 
lo  jupdnaii  fuaioii.  The  bodj  ao  treated  beconica  changed  in  its  p^ 
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Book  I.    supposed  to  consist  in  the  separation  of  a  part  of  the  carbon 

'^^''*°°^  from  tfie  latter.  This  is  considered  to  be  effected,  during 

the  violent  heat,  by  the  combination  of  the  carbon  of  the 

cast  iron  with  the  oxygen  which  it  also  contains,  which  ro- 

.^  suits  in  the  formation  of  carbonic  acid. 

Natural  steel  is  not  throughout  of  uniform  quality.  It  is 
softer  and  less  brittle  than  the  other  kinds  of  steel,  and  is 
the  cheapest  and  least  valuable  variety, 
lieeiof  ^*  Steel  of  cementation^  called  also  blistered  steely  b  fonn- 

cenenu-  ed  by  Stratifying  bars  of  pure  iron  and  charcoal  powder 
^nred^fuleh  alternately,  in  large  earthen  troughs,  whose  mouths  are  ac- 
and  curately  closed;  and  exposing  them  in  a  furnace,  to  heat 

for  eight  or  ten  days.  At  the  end  of  this  time,  the  bars  are 
converted  into  blistered  steel.  The  process  by  which  thb 
steel  is  formed  was  first  practised  to  any  extent  in  Britiun. 
This  variety  of  steel  has  a  fine  grain  and  a  uniform 
texture.    It  is  much  harder  and  more  elastic  than  natural 
steel.  It  is  called  blistered  from  the  appearance  of  its  sur- 
face, which  is  covered  with  marks  like  blisters,  which  had 
evidently  been  produced  by  the  escape  of  some  elastic  fluid. 
This  steel,  when  drawn  into  smaller  bars  by  means  of  the 
hammer,  is  called  tilted  steel.  When  broken  into  pieces  and 
repeatedly  welded,  it  has  the  name  of  German  or  Shear  steeL 
oattiteei.        c.  Cast  Steel  is  formed  by  fusing  blistered  steel  in  a  dose 
crucible,  along  with  pulverized  glass  and  charcoal  powder; 
This  variety  of  steel  has  the  closest  texture  and  admits  of 
the  highest  polish  of  all  the  kinds  of  steel.    It  is  for  these 
reasons  that  it  is  preferred  in  the  manufacture  of  razors,  and 
for  surgical  instruments.    It  is  more  fusible  than  common 
steel,  and  therefore  cannot  be  welded  with  iron. 
Steel  owes       6.  All  the  varieties  of  steel  are   combinations   of  iron 
iu  peculiar  with  small  proportions  of  carbon;  hence  they  are,  in  the 
toTCTpne-  technical  language  of  chemistry,  carfor^ftf  of  iron.  Cast  steel 
■enoe  of     contains  the  largest  proportion  of  carbon,  which  amounts 
cai-bon.       ^^  ^^^  more  than  one  per  cent. 

Phospharet     X.  Iron  combines  with  phosphorus  and  forms  phosphu- 

ofiroo:how__^  _r  ;-^_  * 

1.  This  phosphuret  may  be  obtained  by  fusing,  in  a  cru- 
cible, a  mixture  of  equal  parts  of  phosphoric  acid  and  iron 
with  a  portion  of  charcoal  powder.  The  acid  is  reduced  to 
the  state  of  phosphorus,  by  yielding  up  its  oxygen  to  the 
charcoal,  and  then  combines  with  the  iron.  It  was  discover- 
ed by  Bergman,  by  whom  it  was  mistaken  for  a  new  metal, 
and  called  siderum. 
Properties.  2.  Phosphuret  of  iron  is  a  britde  substance;  and  its  frac- 
ture exhibits  a  white  colour.  When  exposed  to  a  strong 
heat,  it  melts  and  the  phosphorus  is  dissipated. 


NICKEL.  ^g 

1  The  paiticular  kind  of  iron  caUefl  cold  shorty  which  is  Chap.  hi. 
Uttle  when  cold,  but  when  hot  malleable,  derivei  iu  pecu-  Chemieai^ 
Sw  qualities  from  the  presence  of  phosphate  of  iron.  It  was  ""^ure  of 
lUs  comfMnind,  after  being  converted  into  a  phosphuret  by  Ura^.*''"'^ 
die  attempts  for  its  reduction,  which  Bergman  mistook  for 
a  peculiar  metal. 

XL  Iron  combines  in  two  proportions  with  sulphur  and  Iran  rormi 
firms  protosulphuret  and  persulphuret  of  iron.  ^^^^  *^^- 

1.  Protomlphuret  9/  iron  (magnetic  pyrites)  need  not  be  1  ^  proco. 
fanned  by  the  chemist.  It  occurs  abundandy  native  in  dif-  ■uiphuret; 
fercntjparts  of  the  world.   It  has  a  bronze  colour  and  the**^ 
metaUic  lustre.  When  reduced  to  powdtr,  it  has  a  blackish 
grey  colour.  It  strikes  fire  with  steel  and  is  susceptible  of 
tbe  Bagoetic  virtue.  Its  point  of  fusion  is  low.  It  is  some- 
what more  than  four  and  a  half  times  as  heavy  as  water. 
S.  It  is  composed  of 

Iron  28 

Sulphur        16 

44 
1.  Ptrmdphurei  of  iron  (cubic  pyrites)  is  also  found  na-  s. «  per- 
tive  in  abundance,  it  has  a  yellow  colour  and  possesses  the  >^pliu>«^* 
aetallic  lustre.  It  is  brittle  and  strikes  fire  wiui  steel.  It  is 
iboot  four  and  a  half  times  as  heavy  as  water. 
S.  It  is  composed  of 

Iron  28 

Sulphur         32 


60.— ^o  that  it  appears 
that  this  sulphuret  contains  twice  as  much  sulphur  as  the 
protosulphuret. 

XII.  Iron  is  employed  for  the  cure  of  diseases  in  a  num-  Medical 
bcr  of  forms;  and  its  general  properties  are  those  of  a  pow-  "***  <^"^°- 
erful  astringent  and  tonic.    It  is  not  unfrequently  given  in 
the  metallic  state,  in  the  form  of  iron  filings;  but  it  is  con- 
sidered as  inert,  unless  oxidized  in  the  stomach.  The  dose 
of  the  filings  is  from  five  to  twenty  grains. 


SECTION  II. 


OF  NICKEL. 


I.  Nickel  may  be  obtained  by  the  following  process:  Nkkei: 
Dissolve  the  nickel  of  commerce,  in  which  the  metal  ex-  ^2  p^^**" 
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i^K  T.    ists  alloyed  6r  gev^fd  bthefT^  in  sttlphttrie  aetd^  ttiistitig 
P«^^»M»l'  the  solution  by  thfe  Addition  of  Bottie  nitric  acid.  Ooneen- 
trate  the  solutlbn,  and  let  it  stand  for  seveitd  houta.  Ot«M 
crystals  of  siilphate  of  nickel  will  be  observed  to  fbrm*  THa 
treatment  ikiilbt  be  repeated  until  a  sufficient  nuttubiBr  of 
these  crystals  are  obuined.    Dissolve  them  in  water,  and 
drop  into  their  solution^  a  iM>lutioki  bf  potash  or  of  adda. 
This  addition  precipitates  tht  nickel  ill  the  state  of  bxidfc* 
The  olude  khiEiy  be  deoxidised  by  beinj^  made  into  a  palte 
with  bil,  abd  exposed  in  a  (charcoal  crucible  to  a  very  vio* 
lent  heat.  The  oxygen  flies  off  in  combinadon  With  the  chair- 
coal,  so  that  nothing  remains  but  the  pure  toietal* 
luoret,         II.  The  ores  of  nickel  are  feund^  for  the  inoKst  part^  in 
J^^       Gerttiany.   That  which  occurs  most  "abundandy  in  called 
kupfernickel^  or  folse  copper^  from  its  resembkinbe  to  the 
ores  of  copper.    It  is  composed  priiltipaUy  of  4aickel  aid 
arsenic. 
Its  diieoTe-     HI*  Nickel  was  discovered  in  1751   by  Cronstedti  by 
'I*  whom  it  was  called  by  its  present  name. 

Propertiet      IV.  Nickel  has  a  fiue  white  colour,  resembling  silvcT.  Its 
of  iiMkei.    hattiness  is  considerable,  but  less  thaA  that  o€  Iran.   It  is 
malteable  when  either  hot  or  cold.    Like  tfteel  it  tnay  lie 
converted  into  11  magnet.  It  is  not  altered  by  expoMk^  ta 
air  or  immersion  in  wat6r.    Its  fusing  poibt  Is  fltt  leiM  Ik 
high  as  160^  of  Wedge  wood. 
Spec  ^?.      V.  It  is  somewhat  less  than  eight  and  a  half  times  as 
8-4(».     heavy  as    water.  Its  weight  is  considerably  increased  by 
hammering. 
Niekel  VI.  Nickel  combines  in  two  proportions  with  oxygen^ 

^""         and  forms  protoxide  and  peroxide  of  nickel. 
I.  a  protox-      1*  Protoxide  of  nickel  may  be  obtained  by  dissolving  nick* 
ide,  and      ^1  in   nitric  acid,  and  adding  potash  to   the   solution  thus 
fontaed.  The  nickel  is  thrown  down  in  the  state  of  this  oxide* 

2.  Protoxide  of  nickel  has  a  blackish  ash-grey  colour, 
but  no  taste.  Its  solutions  in  acids  have  a  gfrass  green  co- 
lour. It  forfns  a  pale  blue  coloured  solution  with  ambfioinia. 

3.  It  is  composed  of 

Nickel  27 

Oxygen  8 


ide. 


35 
s.aperox.  1.  Peroxide  of  nickel  mzy  be  obtained  by  the  following 
process:  Pass  a  current  6f  cMorine  gins  through  water,  in 
which  protoxide  of  nickel  is  suspended:  water  becomes  de« 
compost:d;  its  hydrogen  cOmbiniss  with  the  chlorine,  forming 
hydrochloric  (muriatic)  acid,  while  its  oxygen  mit^  to  a 
portion  of  the  oi^ide,  so  as  to  change  it*frbm  pititozifla  to 


eoBkvr. 
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f^rmUiFm  Tte  Mroside  tfrnt  fentied,  being  imdlable,  U  c«af.  lo, 
9$tlly  ae^trtcctk   The  unaltered  ponton  of  the  oiudc  dU-  "^ 
aohrco  in  tht  hydrochloric  Acid« 

I*  Peroftide  of  nickel  hat  a  black  colour.  It  diaaolvei  in 
anmonin  with  efferveicente,  yielding  up  at  the  name  time 
part  of  its  oxygen^  which  combines  with  the  hydrogen  of 
die  odndionia,  the  aiote  of  the  latter  being  evolved.  Its  so- 
hAioa  in  acids  is  attended  with  effervescence  also;  owing 
to  the  evolution  of  oxygen^  during  its  conversion  into  pro- 
tDKide. 
S.  It  is  composed  of 

Nickel  54 

Oxygen  M 

7««.^'rhua  this  oxide 
SMUiuni  one  and  a  half  times  as  much  oxygen  as  the  pro- 
toxide; or,  which  is  the  same  thing,  twice  as  much  nickel, 
waited  to  thret  time^  the  quantity  of  oxygen. 

Vil»  Nickel  combines  in  one  proportion  with  chlorine,  Chloride  of 
and  forms  chloride  of  nickel.  This  chloride  cannot  be  foras-  ^'^'^^^ 
cd  by  combustson;  but  it  may  be  obtained  by  subliming  dry 
hydroohlorate  (mnriate)  of  nickel.  Its  properties  and  com- 
posieiofei  have  dot  been  ascertained. 

VIII.  Pfaosphilret  of  nickel  may  be  farmed  by  dropping  Photphv- 
pbonphoms  upon  metalfic  nickel,  while  at  a  red  heat.  It  is  ^^' 

a  wry  bricde  and  moderately  hsod  substance  of  a  tin  white 
colour.  It  possesses  the  metallic  lustre. 

IX.  SulphureC  of  nickel  may  be  formed  by  fusing  toge-  Sutpharct 
ther  its  constituents.  It  has  a  yellowish  white  colour. 


SECTION  III. 

OF  COBALT. 

I.  Cobalt  May  be  obtsfined  by  the  following  prcKess:  Cobalt; How 
Treat,  by  the  assistance  of  beat,  one  part  in  powder  of  jj^^***** 
die  €M^  of  c<>bah,  in  which  the  metal  exists  minera- 
liojtd  by  arsenic,  iron  and  siflphur,  with  three  parts  of 
ajifon  TC^a,  as  long  as  any  portion  of  it  is  dissolved.  The 
m^ua  regia  dissolves  all  the  ore  except  the  sulphur.  Filter 
the  fiquftd  clMaiAed,  in  border  to  separate  the  insoluble  part, 
and  add  to  it,  a  solution  of  carbonate  of  potash,  as  long  as 
it  causes  any  precipitate.  This  precipitate  consists  of  cobalt 
combined  with  iron  and  arsenic.  Separate  it  by  the  filter, 
dissolve  it  in  nitric  acid  and  add  ammonia.  This  step  in 
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Book  L    the  process  throws  down  the  metab  in  combinatifiti  with  am— 
Di^irion  f .  monia.  The  metab,  by  being  in  this  state  of  combination, 
are  rendered  soluble  in  acetic  acid  (pure  vinegar).  Accord- 
ingly dissolve  the  precipitate  last  formed  in  acetic  add, 
and  evaporate  the  solution  until  it  let  bXL  a  red  powden 
this  powder  will  prove  to  be  oxide  of  iron.  After  it  it  ae- 
parated,  the  remaining  solution  consists  of  acetate  of  cobalt 
contaminated  with  arsenic.  In  order  to  separate  the  arsenic 
add  liquid  ammonia*  The  ammonia  combines  with  the  co- 
balt and  remains  in  solution,  while  the  arsenic  falls.  The 
arsenic  being  separated  by  the  filter,  nothing  remains  but 
an  ammoniacal  solution  of  cobalt.  Evaporate  this  solution 
to  dryness,  to  drive  off  the  ammonia,  and  expose  the  diy 
mass,  being  oxide  of  cobalt,  mixed  with  three  parts  of  Uack 
flux  and  one  part  of  borax,  to  a  violent  heat  in  a  crucible. 
The  oxygen  becomes  separated  by  the  flux,  and  there  is 
obtained  a  metallic  button  of  cobalt. 
Where  II.  Cobalt  is  found  principally  in  Germany,   Sweden, 

^^'        Norway  and  Hungary,  mineralized  usually  by  arsenic,  iron 
and  sulphur.  It  hiw  occasionally  been  found  combined  with 
sulphuric  and  arsenic  acids. 
Itf  diMore-     III.  Cobalt  was  discovered  in  1733  by  the  SwecUsh  che- 
^'  mist  Brandt,  by  whom  it  was  called  by  its  present  name. 

Properties       IV.  Cobalt  is  of  a  grey  colour  with  a  shade  of  recL  It  is 
of  eobdL     rather  soft,  and  has  very  little  metallic  brilliancy.   It  hai 
scarcely  any  taste  or  smell.    It  undergoes  no  cluuige  frooi 
exposure  to  air  or  immersion  in  water.  Its  fusing  point  is 
at  the  temperature  of  130^  of  Wedge  wood. 
Spee.  griT.     V«  It  is  a  little  more  than  eight  and  a  half  times  as  heavy 

8-53.      as  water. 
Cobdt  VI.  Cobalt  unites  in  two  proportions  with  oxygen,  and 

orldes**^   forms  protoxide  and  peroxide  of  cobalt. 
1.  Proioz-       !•  Protoxide  of  cobalt  may  be  obtained  by  dissolving  co- 
ide.  bait  in  nitric  acid,  and  precipitating  the  solution  by  means 

of  potash.  The  precipitate  must  be  washed  and  dried,  and 
exposed  to  a  cherry  red  heat,  to  drive  off  the  oxygen,  which 
it  will  have  absorbed  during  the  process  of  drying;  it  is 
then  pure  protoxide  of  cobalt. 
ll^  proper-  ^  '^i^  oxide  has  a  fine  blue  colour.  It  dissolves  in 
ties.  acids  without  effervescence.  Its  solution  in  hydrochloric  (mu- 

riatic) acid,  when  concentrated  is  blue,  but  when  diluted^ 
red.  In  sulphuric  or  nitric  solutions,  it  is  always  red.    It 
enters  into  the  composition  of  the  salts  of  oxidized  cobalt. 
3.  Protoxide  of  cobalt  is  composed  of 

Cobalt  29 

Oxygen  8 

57 
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1.  Ftroxiik  of  cobalt  may  be  formed  by  heating  the  pro-  Ciaf.iu. 
tnaddc  in  the  open  m*   The  protoxide  absorbs  oxygen  and  «.  ?«««. 
becomes  converted  into  peroxide.  ide. 

S.  This  oxide  has  a  bUck  colour.  It  gives  out  part  of  its  lu  proper- 
QxygcB  with  effervescence,  when  dissolved  in  hydrochloric  ^^ 
(moriatic)  acid;  chlorine  being  at  the  same  time  evolved. 
It  docs  not  enter  into  the  composition  of  salts. 

S.  Peroxide  of  cobalt  is  composed  of 

Cobalt  58 

Oxygen  21* 

T9. — When  this  oxide  b 
compared  with  the  protoxide  as  to  composition,  it  will  be 
perceived  that  it  contains  twice  as  much  cobalt,  combined 
with  somewhat  less  than  three  times  as  much  oxygen.  So 
that  the  nambers  of  the  two  oxides  do  not  admit  of  any 
exaa  comparison. 

VII.  Chloride  of  cobalt  may  be  formed  by   burning  chloride  of 
cabdt  in  chlorine  gas.  It  has  not  been  examined  with  ac-  «oi^<- 
cnrscy. 

Vni.  Phosphuret  of  cobalt  may  be  formed  by  heating  Phoipiui- 
die  metal  red  hot,  and  dropping  into  it  small  pieces  of '^ 
phosphorus*  It  is  a  white  and  britde  substance,  which  soon 
tarnishes  in  the  air.  It  contains  about  iV^h  of  its  weight  of 
phosphorus. 

IX.  Sulphuret  of  cobalt  may  be  formed  by  melting  the  Suipharet. 
tnetal  with  sulphuret  of  potash:  the  sulphur  combines  with 
the  metal,  and  the  potash  is  separated.    It  has  a  yellowish 
white  colour.  Its  composition  is  not  accurately  known. 


SECTION  IV. 

OF  MANGANESE. 

I.  Manganese  may  be  obtained  by  the  following  pro-  MunganeM: 
ceis:  Make  up  the  black  oxide  of  manganese,  finely  pow-  edTmraT*" 
dered,  into  a  ball  with  pitch.    Put  it  into  a  crucible  lined 

with  charcoal,  and  filled  with  charcoal  powder.  Close  the 
crucible  with  a  cover,  which  must  be  well  luted  on.  The 
whole  must  then  be  exposed,  for  an  hour,  to  the  strongest 
heat  that  can  be  raised.  A  small  button  of  the  metal  will 
be  found  in  the  bottom  of  the  crucible. 

II.  Manganese,  almost  always   in  the  state  of  oxide,  is  \Vhei% 
found  abundantly  distributed  in  diiferent  parts  of  the  world;  '^"^ 
particularly  in  France,  Spain,  Germany  and  England. 
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B(mL      III*  About  the  year  1770,  Bcvenil  .c)iemitt%  egmeeted 
iKvimonL^  UiAt  the  mineral  called  numgwune  w^f  »  metallie  oiioci  9n4 
DiMovexy.  Kaim  published  a  set  of  ^ixM^rimeot^  to  prQve  that  i^  m^trf 
might  be  obtained  from  it.  NamenHia  auempti  werf  npMde 
to  reduce  it  to  ihe  metallic  state,  which  were  upsiici;eaaAd| 
until  Gahn  invenud  the  process  which  has  just  been  4^ 
cribed* 
Propertiet      IV.  Manganese  has  a  greyish  white  colpuTt  rpaMiblPOg 
^*^^*   that  of  cast  iron,  and  considerabVs  brilliancy.  It  has  neither 
taste  or  smell*  It  is  softer  than  caft  iron  and  yields  to  the 
file.  It  is  very  britde,  and  its  fracture  is  uneven  and  fine 
grained.    Ip  the  air,  it  loses  its  lustre;   becoming  succes- 
sively grey,  violet,  brown  and  at  last  black.  When  thrown 
into  water  it  decomposes  that  liquid  with  cpp^id^rabk  'H^ 
pidity;  hydrogen  being  at  the  same  time  evolved.  Its  fumg 
pcHut  is  at  the  temperature  of  160^  of  Wedgewood* 
Spec  grar.     V.  It  is  very  little  more  than  eight  timea  aa  \y^yj  flf 
8013.     ^ater. 

BCMgiiMft     V(.  Mangmeae  combines  in  three  proportmia  wiAl  wy- 
fornuUiwe gep^  gnd  forma  proto^de,  deutoxide  avd  petpamie  #f  mm* 

ganese. 
i.PfotoL-  l»  JProtosfide  pf  manganese  may  h^  obtfuae^  by  Ijpfl*''- 
mg  the  mineral  called  wumganeee  in  an  arid,  mi  fwcipir 
tatiag  the  solution  by  potash*  The  preeipitajte  w|)^  4ppwf 
consists  af  this  onide.  It  is  ao  oUve^grfep  pow4er«  vUvk 
becomes  black  upon  exposure  to  air,  in  conseqgeoce  nfS  ihf 
absorption  of  oxygen.  It  is  thja  oxide  generallyi  wMeh  en- 
ters into  die  eompoaitipn  pf  the  aalta  of  oaidized  m^ik 
gaoese. 
2.  It  is  compoMd  of 

Manganese         28 
Oxygen  8 


ide. 
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ZDeutoz-       1.  Deutoxide  ofmanganet  ma^  be  formed  by  exposing 
nitrate  of  manganese  to  beat;  pr  by  burning  the  protoaude 
in  the  open  air.  It  has  a  black  colour. 
2.  It  is  composed  of 

Manganese         56 
Oxygen  24 

80.-— So  it  appears  dmt 
this  oxide  contains  three  times  as  much  oxygen,  united  <0 
twice  as  much  manganese,  as  the  protoxide.* 


*  TiMHMOD't  AmMb,  zl  SSS.  (Mar.  ISIS.) 


MANGANESE.  3^ 

]•  Peroxide  of  manganese  (black  oxide  of  manganese)  Chap.  hi. 
need  never  be  formed  by  the  chemist.  It  occurs  abundantly  3  Pemx. 
oative,  particularly  in  the  county  of  Devonshire,  England,  ide. 
When  pure  it  has  a  radiated  texture,  and  a  dark  steel-grey 
colour.    Its  lustre  is  considerable.  It  is  brittle,  very  soft, 
and  Boils  the  fingers.  It  is  about  four  and  three-fourths  as 
heavy  as  water.  When  heated  to  redness,  it  is  converted 
into  a  red  powder,  which,  by  treatment  with  acids,  imme- 
diately Separates  into  protoxide  and  deutoxide.*  Hence  it 
is  prbbable  (hat  this  powder  is  a  mixture  of  these  oxides. 

2.  Peroxide  of  manganese  is  composed  of 

Manganese  28 

Oxygen  16 

1»4'     so  that  it  contains 
twice  as  much  oxygen  as  the  protoxide.f 

VII.  Manganese  combines  in  one  proportion  with  chlo-  MangBnete 
rine,  and  forms  chloride  of  manganese.  chi'^'d 

1.  This  chloride  was  first  obtained  by  Dr.  John  Davy, 
by  dissolving  peroxide  of  manganese  in  hydrochloric  (mu- 
riatic) acid,  evaporating  the  solution  to  dryness,  and  ex- 
posing the  dry  mass,  thus  obtained,  to  a  red  heat  in  a  glass 
tube  with  a  narrow  orifice. 

S.  Chloride  of  manf^nese  has  a  delicate  pink  colour,  and  lu  proper- 
a  lamellar  texture.  Whene  xposed  to  the  open  air,  it  deli-^^' 
quesces,  and  is  converted  into  hydrochlorate  (muriate)  of 
manganese. 

3.  It  Is  composed,  in  whole  numbers,  of ' 

Manganese  28 

Chlorine  33» 
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VIII.  Phosphuret  of  manganese   may  be   formed    by  Phosplmret 
dropping    phosphorus   upon   red  hot   manganese.    It  is   a  "*  """"P*- 
vhite   brittle   substance  of  a  granular  texture.     It  is  not 

altered   by  exposure  to   air.   It  fuses  much  more  readily 
than  manganese. 

IX.  Sulphuret  of  manganese  may  be  formed  by  heating  Sulphurct. 
sulphur  and  manganese  tovjether.    Its  properties  and  coui- 
position  have  not  been  accurately  made  out. 

•  Thomson's  Auuals,  xi.  22s.  (March,  1818.)— t  Ibirl. 
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SECTION  V. 

OP  CERIUM. 

Cerium;  I.  Cerium  may  be  DbtsuDed  by  the  foUowiDg  process:— 

ed^re^°"  ^*8^*^  ^^^  mineral  called  ccrite  (a  compound  of  oxide  of 
cerium,  silica,  and  oxide  of  iron)  in  fine  powder  in  nitric 
acid,  until  every  thing  soluble  is  taken  up*  The  nitric  acid 
dissolves  the  oxides,  and  leaves  the  silica  untouched,  which 
appears  in  the  form  of  an  insoluble  residue*  Decant  the 
clear  solution  from  this  residue,  and  add  to  it  oxalic  acid,  as 
long  as  any  precipitate  appears.  This  acid  falls  in  combinap 
tion  with  the  oxide  of  cerium,  while  the  oxide  of  iron  stiD 
remains  in  solution.  Separate  this  precipitate,  and,  after 
being  washed  and  dried,  expose  it  to  a  red  heat*  The  oxalic 
acid  is  decomposed  and  driven  off,  and  a  red  powder  k 
obtained,  which  is  cerium  in  the  state  of  oxide.  The  reduc- 
tion of  the  oxide  to  the  metallic  state,  by  itieaois  of  cariM^ 
naceous  substances,  is  attended  #ith  great  difficulty,  and  ii 
accomplished,  under  the  most  favourable  circumsttacei,  it 
an  imperfect  manner  only.  Sir  H.  Davy,  howevei*^  anc^ 
ceeded  in  obtaining  the  metal  pure,  by  heating  the  oxide  ia 
contact  with  potassium*  The  potassium  becomes  eoavertcd 
into  potash,  and  the  pure  metal  is  developed* 
Whei-e  II.  Cerium  has  been  found  hitherto  principally  in  Sweden. 

foand.  i(  occurs  Combined  with  silica  and  iron,  in  the  mineral  called 
cerite;  and  also  with  hydrofluoric  (fluoric)  acid,  yttria,  and 
thorina,  in  several  other  minerals. 
Aeooantof  III*  Before  the  discovery  of  the  metallic  nature  of  the 
iudiscoTe.  earthy  salifiable  bases,  it  remained  for  some  time  doubtful 
^^'  whether  the  powder  obtained  from  cerite  was  an  earth  or  a 

metallic  oxide.  Klaproth  supposed  it  was  an  earth;  and 
Vauquelin  was  in  doubt  which  of  the  two  to  consider  it. 
Hisinger  and  fierzelius  obtained  the  same  peculiar  pow- 
der from  the  mineral,  and  considered  it  a  metallic  oxide: 
but  these  chemists  were  unable  to  reduce  it  to  the  metallic 
state.  Vauquelin  re-examined  the  powder,  with  the  view  to 
reduce  it,  if  possible.  These  attempts,  although  unsuccessful, 
were  sufficient  to  demonstrate  its  metallic  nature*  It  was 
ultimately  reduced  by  Sir  H.  Davy  in  the  manner  already 
mentioned, 
ivopertiet  IV*  Cerium  has  been  but  very  imperfectly  examined* 
ofMriam.  According  to  Sir  H*  Davy,   it  is  a  deep-grey  metallic 

powder* 
Fomii  two      ^*   Cerium  forms,   with   oxygen,  a  protoxide   and  a 
cupde*.       peroxide.  The  former  is  white;  the  latter  reddish-brown. 
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No  accurate  analjrsis  has  been  made  of  them.  They  both  Cw.  hl 
coter  into  die  composition  of  the  salts  of  oxidized  ceriunu    " 


SECTION  VI. 

OF  URANIUM. 

L  UEAMimi  may  be  obtained  irom  pechblende  (a  mineral  Unmiomi 
in  wUch  the  metal  exists  in  the  state  of  oxide,  mixed  with  ^  obt«n- 
stilpliinct  0f  lead,  oxide  of  iron,  and  silica)  by  the  following     ^^' 
process:  Boast  the  mineral  for  some  time,  in  order  to  drive 
oflF  the  sulphur;  and  then  digest  it  in  nitric  acid,  until  every 
thing  solttUe  is  taken  up.  The  acid  dissolves  the  metals, 
and  leaves  the  silica.  Decant  the  clear  solution,  and  add  to 
it  carbonate  of  potash  as  long  as  any  precipitate  appears: 
this  precipitate  consists  of  oxide  of  uranium,  united  to 
carbonic  acid*  Separate  it,  and,  after  being  washed  and 
dried*  enoee  it,  nsade  up  into  a  paste  with  oil,  in  a  crucible 
laed  wkh  charcoal,  to  a  violent  heat.  The  carbonic  acid  is 
driren  oSE^  and  the  oxygen  of  the  oxide  separated;  so  that 
sodiiBg  lemains  but  pure  uranium. 

!!•  Uranium  is  found  in  the  state  of  oxide,  mixed  with  Where 
maSk  quantities  of  iron,  lead,  and  copper,  in  ores  which  ^^^ 
occur  in  Germany,  Norway,  France,  and  England. 

IIL  It  was  discovered  in  1789,  by  Klaproth,  by  whom  it 
was  called  by  its  present  name. 

iV.  Uranium  is  a  metal,  having  an  iron-grey  colour,  and  iti  proper- 
considerable  lustre.  It  is  soft  enough  to  yield  to  the  file.       ^^*' 

V.  It  is  somewhat  more  than  eight  times  as  heavy  as  Spec.  grav. 
water.  *^^- 

VI.  Uranium  forms,  with  oxygen,  a  protoxide  and  per-  Pormi  two 
oxide;  both  of  which  have  the  property  of  neutralizing  <'^**'^*' 
arififf, 

1.  Protoxide  of  uranium  may  be  formed  by  heating  thei.  Proioz- 
metal  to  redness  in  an  open  vesseL    It  glows  like  a  live  ^^* 
coaL,  absorbs  oxygen,   and   is  converted   into  a  powder, 
which  consists  of  this  oxide.  Its  colour  is  greyish  black. 

2.  It  is  composed  of 

Uranium  125 

Oxygen  8 

133 
1.  Peroxide  of  uranium  may  be  obtained  by  dissolving  2.  Peroxide. 
uranium  in  nitric  acid,  and  precipitating  the  solution  by 
potash*   The  precipitate   which   appears   is  the  oxide   in 
question.  It  has  a  yellow  colour.  Chevreul  has  noticed  that 
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Book  l    it  18  capable  of  changing  the  blue  colour  of  litmus  to  red. 
DtTJaiooL  He  ha8^  therefore,  attributed  to  it  acid  properties.*   If  it' 
should  prove  to  be  capable  of  neutralizing  salifiable  bases, 
it  would  be  more  properly  called  uranic  acid. 
2.  It  is  composed  of 

Uranium  350 

Oxygen  24 

274-— or,  which  amounts 
to  the  same  thing,  it  contains  three  times  as  much  oxygen, 
united  with  twice  as  much  uranium,  as  the  protoxide. 


SECTION  VII. 

OF  ZINC. 

Zinc;  how        I.  ZiNC  may  be  obtained  by  exposing  the  mineral  called 
obtained,    blende  (sulphuret  of  zinc),  after  being  roasted  and  reduced 
to  a  fine  powder,  to  a  strong  heat,  mixed  with  charcoal,  m 
large  clay  pots  closed  from  the  air.   By  this  treatment  die 
blende  is  first  changed  from  a  sulphuret  into  an  oxide, 
which  is  afterwards  deoxidized  by  the  charcoal. 
Occnnge-      II.   Zinc  occurs  abundantly  native,   mineralized  most 
aui^hurei  *  g^^^^rallv  by  sulphur,  constituting  the  ore  called  blende.   It 
occurs,  in  the  form  of  an  oxide,  in  the  iron  mines  of  Sussex 
county,  New  Jersey. 
Properties       III.  Zinc  has  a  brilliant  white  colour,  with  a  shade  of 
of  ziuc.       blue.   It  is  rather  soft,  and  in  texture  consists  of  a  num- 
ber of  thin  plates  adhering  together.    It  has  a  peculiar 
taste  and  perceptible  smell.  Its  malleability  is  at  a  mean; 
being  not  so  malleable  as  copper,  or  so  brittle  as  antimony 
or  arsenic.    It  may  be   pressed  out  into  thin  plates,  by 
rollers,  without  breaking.  When  heated  to  212^,  it  becomes 
ven  malleable.  It  is  also  ductile  in  a  certain  degree.  When 
heated  to  the  temperature  of  680*,  it  melts;  and  if  it  be 
exposed  to  a  greater  heat  in  close  vessels,  it  evaporates 
and  may  be  distiMed  over.    In  air  it  suffers  only  a  slight 
tarnish;  but,  under  water,  it  absorbs  oxygen  at  the  expense 
of  this  liquid,  and  becomes  black. 
Si>ec.  fTTAv.      IV.  It  is  somewhat  less  than  seven  times  as  heavy  as  water. 
e  861.         y^  Zmc  combines  with  oxygen  in  one  proportion  only, 

idej  1.  Oxide  ot  zinc,  formerly  called^ow^r*  ofzinc^  may  be 

formed  by  heating  zinc  to  redness  in  an  open  vessel.    The 

*  Annalt  of  Philofophy,  xii.  144.  (August  1818.) 
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wntbi  takes  fire,  and  burns  with  a  brilliant  white  flame,  Chaf.  ni. 
emitting  white  flakes  in  great  abundance.  These  flakes  con-  — ~— ** 
stitute  the  oxide  in  question. 

S.  It  is  a  tasteless  and  insoluble  white  powder.  It  com- 
bines easily  with  acids,  and  forms  salts. 
3.  It  is  composed  of 

Zinc  33 

Oxygen  8 

41 

i»  Oxide  of  zinc  is  used  in  medicine.  It  acts  as  a  tonic,  which  U 
and  is  supposed  to  be  suited  to  the  cure  of  spasmodic  ^"^  ii^  Q^" 
diseases*   It  has  been  particularly  praised  in  epilepsy.  Its      '^** 
dose  is  from  one  to  eight  grains.    When  made  into  the 
ibrm  of  an  ointment,  it  has  been  found  useful  as  an  exsic- 
cant  tn  excoriations. 

5.  When  lead  ores,  which  are  accompanied  by  zinc,  are  impure  ox- 
refined,  there  condenses,  in  the  chimnies  of  the  furnaces  em-  i<ie  of  zioe, 
ployed,  a  substance,  which  is  oxide  of  zinc  in  an  impure  S^riSed. 
state.  It  was  formerly  called  tuttt/.  It  is  a  brown  substance 
full  of  protuberances  on  the  outside,  but  smooth  and  yel- 
lowish within.   It  is  employed  in  medicine,  in  the  form  of 
an  ointment,  which  is  considered  very  efficacious  as  an  ap- 
plication to  inflamed  eye-lids.  It  has  hardly  been  applied  to 
any  other  use. 

VI.  Zinc  combines  with  chlorine,  and  forms  chloride  of  Z'me  forms 
zinc.  ■  chloride. 

1.  This  chloride  may  be  obtained  by  dissolving  zinc  in 
hydrochloric  (muriatic)  acid,  evaporating  the  solution  to 
dryness,  and  exposing  the  dry  mass  to  a  red  heat  in  a  glass 
vessel  with  a  narrow  oriBce.  By  the  exposure  to  the  red 
heat,  the  hydrochlorate  of  zinc,  which  is  first  formed,  is 
decomposed  into  chloride  of  zinc  which  remains  fixed, 
and  water  which  is  driven  off  in  the  state  of  vapour.  It 
may  be  obtained  also  by  direct  combination,  by  introducing 
zinc  into  chlorine  gas:  the  metal  catches  fire,  undergoes 
combustion,  and  is  converted  into  this  chloride. 

2.  Chloride  of  zinc  is  fusible,  but  does  not  sublime,  at  a  Its  proper- 
red  heat.  When  exposed  to  the  air,  it  deliquesces,  and  is  ^*'- 
converted  into  hydrochlorate  (muriate)  of  zinc. 

3.  It  is  composed  of 

Zinc  33 

Chlorine  33» 
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VII.  Zinc  combines  with  iodine  by  means  of  heat.  The  iodide  of 
iodide  formed  has  a  white  colour,  and  is  deliquescent  in  ^^^^' 
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Book  I.   the  tin  When  dittolved  in  water,  it  decomposes   this 
P^^*«*°^'-  liquids  and  is  converted  into  hydriodate  of  zinc   It  is 
composed  of 

Zinc  33 

Iodine  135 

158 
Phoipbu-       VIII.  Phosphuret  of  zinc  may  be  formed  by  dropping 
rtt,  small  pieces  of  phosphorus  into  melted  zinc.  It  has  a  white 

colour  and  the  metallic  lustre.  It  possesses  some  degree  of 
malleability* 
Satphoreu  IX.  Sulphuret  of  zinc,  as  has  been  mentioned,  occnis 
native  in  abundance  under  the  name  of  blende*  It  cnmot 
easily  be  formed  artificially.  It  is  a  tasteless,  insoluble 
substance  of  a  brown  colour*  It  is  about  four  times  ss 
heavy  as  water. 


Codniomy  Since  this  volume  was  prepared  for  the  press,  I  find,  by 
a  new  me-  the  scientific  journals,  that  Stromeyer  has  discovered  a 
^!^"^  new  metal,  to  which  he  has  given  the  name  of  Cadmhm, 
Stromejer.  The  discovery  was  made  in  the  autumn  of  1317. 

This  metal  owed  its  discovery  to  the  following  circnm- 
stances.  Stromeyer,  while  making  a  general  inspectioo  of 
the  apothecaries  shops,  found,  that,  in  several  of  them,  a 
carbonate  of  zinc  was  sold  under  the  name  of  the  oodde. 
Upon  inquiring  the  reason  of  this,  at  the  manufacttny 
where  the  preparation  of  zinc  had  been  made;  the  ezplaaa- 
tion  given  was,  that  the  carbonate,  when  exposed  to  best 
for  conversion  into  oxide,  always  assumed  a  yellow  colour, 
seeming  to  indicate  the  presence  of  iron  or  lead,  although 
neither  of  these  metals  could  be  detected  in  it.  The  resvdt 
of  the  examination  of  this  suspected  oxide,  by  Stromeyer^ 
was  the  discovery  of  cadmium,  to  which  it  owed  its  pecttr 
liar  colour.  Since  making  this  discovery,  Stromeyer  hat 
found  the  same  metal  in  tutty,  and  sevend  other  oxides  of 
zinc,  but  always  in  small  amount,  varying  from  1  per  cent. 
to  y^  of  1  per  cent.  He  has,  however,  more  lately  discover- 
ed it  in  a  preparation  of  zinc  from  Silesia,  which  had  been 
supposed  to  contain  arsenic.  In  this  last,  the  new  metal 
exists  to  the  amount  of  three  per  cent, 
lu  proper.  Cadmium  has  a  light  white  colour,  inclining  a  little  to 
ties.  grey.    It  possesses  considerable  brilliancy,  and  admits  of  a 

fine  polisn.  It  has  a  compact  texture  and  hackly  fracture* 
Spee.  graT.  It  is  about  eight  and  three-fourth  times  as  heavy  as  water* 
8750.     ii  is  ductile  and  malleable,  when  either  cold  or  hot.  Its 
melting  point  is  somewhat  under  redness,  and  its  point  of 
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viipflrizidoB,  aider  thsC  at  which  mercury  boils.  It  is  pre-  Ciaf.  m. 
qpttttcd  from  its  solutions  by  zinc  in  the  metallic  state.  It 
mns  but  one  oxide,  which  may  be  obtained  readily  by 
oombustion*  This  oxide  has  a  greenish-yellow  colour.  It 
possesses  all  the  properties  of  a  salifiable  base,  and  die 
sshB,  which  it  fermSy  have  generally  a  white  colour.* 


Lampadius  has  lately  discovered  a  new  metal  in  awodaiii- 
mineral  from   Hungary,  supposed  to  have  been  a  cobak  J>°^.^  "«^- 
ore.  He  hA  given  it  the  name  of  IVodanhtm.  It  occurs  in  ^  ^H^^' 
the  Hungarian  mineral  to  the  amount  of  20  per  cent,  asso- 
dated  With  sulphur,  arsenic,  iron  and  nickel. 

This  new  metal  has  a  bronze  yellow  colour.  It  possesses  iti  proper- 
maDeability,  and  has  a  hacUy  fracture.  It  is  not  tarnished  ^^^ 
by  mere  eiqiosure  to  air;  but  when  heated,  it  is  converted 
ioto  a  Uack  oxide.  It  is  about  eleven  and  a  half  times  as  Spee.  mw. 
ka?y  as  water,  f  "'*'^- 


SECTION  VIIL 

OF  LEAD. 

!•  LxAD  may  be  obtained  pure  by  the  following  process:  Lead;  bow 
Dissolve  the  lead  of  commerce  in  nitric  acid,  and  precipi-  <>^^*^^ 
tate  the  solution  by  means  of  sulphuric  acid.  Separate  the  ^^^' 
precipitate  thus  formed;  and,  after  being  washed  and  dried, 
mix  it  widi  two  or  three  times  its  weight  of  black  flux,  and 
expose  it  to  a  red  heat.— When  sulphuric  acid  is  added  to 
a  nitric  solution  of  impure  lead,  a  pure  sulphate  of  lead  preci- 
pitates. The  lead  is  obtained  from  this  sulphate  in  conse- 
quence of  the  heat  to  which  it  is  exposed,  which  drives  off 
the  sulphuric  acid  and  oxygen. 

II.  Lead  is  obtained,  in  the  large  way,  by  a  very  different  How  ob- 
process:  The  ore  called  ealena  (sulphuret  of  lead)  is  sepa-  ^^  \ 
rated  from  impurities  as  far  as  possible,  and  then  pulverized  way. 
and  washed.    It  is  next  roasted  in  a  reverberatory  furnace; 
taking  care  to  stir  it  about,  in  order  to  expose  all  its  surfaces 
to  the  air.  When  it  begins  to  soften,  it  is  to  be  mixed  with 
charcoal,  and  the  mixture  stirred,  while  the  heat  is  increas- 
ed eradually.  After  some  time  the  lead  in  the  metallic  state 
begins  to  run,  and  passes  through  holes  in  the  bottom  of  the 
furnace  into  a  recipient  below.  The  metal  is  then  cast  in 

*  Anaali  of  FhilMophj,  (Feb.  1819)  p.  108,  et  leq.       f  Ibid.  (Mtrcb  1819} 
P.33S. 
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BookF.   iron  moulds,  so  as  to  form  the  oblong  masses,  known  hi 
DiTitioo  I.  commerce  by  the  name  of  pig  lead. 

Lead  oe-  III.  The  most  abundant  ore  of  lead  is  galena  (sulpfauret 
utuan* m\  ^^  lead).  The  metal  occurs  also  in  the  state  of  o»de,  and 
•aiiihur«t    in  combination  with  acids. 

Properties  IV.  Lead  has  a  bluish  white  colour,  and,  after  being 
of  lead.  newly  melted,  a  bright  surface,  which  soon  tarnishes*  It 
has  a  perceptil)le  taste,  and  a  peculiar  smell  upon  friction.  It 
is  very  soft  and  malleable;  but  its  ductility  is  not  very  great 
Its  fusing  point  is  at  the  temperature  of  612^;  and  when 
subjected  to  a  greater  heat,  in  close  vessels,  it  boils  and 
rises  in  the  form  of  vapour. 
Spec  grar.      V.  It  is  somewhat  less  than  eleven  and  a  half  times  ss 

11-352.  jieavy  as  water. 
Lead  formt  VI.  Lead  combines  in  two  proportions  with  oxygen, 
with  oxy-  2nd  forms  protoxide  and  peroxide  of  lead.  Litharge  is  SB 
L  Protox.  impure  protoxide  of  lead,  and  will  be  described  immediatdj 
9UhM  ^^^  ^^^  protoxide.  Red  lead  is  a  mixture  of  the  two 
s'Peroz^.  oxides  of  lead,  and  will  be  noticed  after  the  peroxide.  AD 
4.  Red  ox-  these  oxides,  when  vitrified  by  fusion,  are  found  veiy  us^ 
f ' ,  ful  in  purifying  silver  and  gold.  When  in  fusion,  they  ha?e 

mt^tlof  ^^  property  of  oxidizing,  and  combining  with,  all  the 
lead  used  in  inferior  metals.  Hence,  if  impure  silver  or  gold  be  melted 
capeiia-  ^j^fi  ^  portion  of  lead«  in  a  shallow  cup  called  a  cupel^  made 
of  ashes  and  burnt  bones,  and  the  heat  continued  for  some 
time;  the  lead  becomes  oxidized,  and,  after  vitrification,  com- 
bines with  the  contaminating  metals  and  sinks  into  the 
cupel;  while  the  silver  or  gold  remains  behind  in  a  pure 
state.  This  process,  from  the  name  of  the  cup  employed,  it 
called  cupeilation.^^Tht  oxides  of  lead  will  now  be  consi- 
dered individually. 

I.  Protoxide  of  Lead  or  Massicot. 

Protoxide        1.  This  oxide  may  be  obtained  by  dissolving  lead  in  nitric 
of  lead;  iu  add^  SO  as  to  form  a  colourless  solution,  and  precipitating 
tioD.     '     it  by  means  of  carbonate  of  potash,  added  in  excess.  The 
precipitate,  after  being  washed  and  dried,  and  exposed  to  a 
red  heat,  consists  of  the  oxide  in  question. 
Propertiei.      2.  Protoxide  of  lead  is  of  a  yellow  colour.  It  has  no  taste; 
and  is  insoluble  in  water,  but  dissolves  in  acids  and  in  pot- 
ash. When  exposed  to  a  gentle  heat,  it  melts  into  a  yeUow 
semi-transparent  brittle  glass. 
Composi-        3.  It  is  composed  of 

^<*-  Lead  104  ^ 

Oxygen  8 

112 


LEAD.  AQ 

4b  The  msntcot  of  commerce  appears  to  be  this  oxide;  but  Crap.  in. 
his  prepared  in  a  different  manner  from  that  JMSt  di-scribt  d«  j^j^^ 
Lead  ta  kept  melted,  and  the  pellicles  which  form  on  its  protoxide 
tnrfiKe  are  successively  removed,  until  at  last,  the  whole  ^'^''  ^ 
of  the  metal  has  undergone  this  conversion.  The  substance  uod!^^™' 
dms  foraied  is  next  exposed,  in  an  open  vessel,  to  heat,  and 
sdrred«  until  it  assume  a  yellow  colour:  by  this  manage* 
nent  it  becomes  converted  into  massicot.   The  pellicles, 
when   first  obtained,  are  a  mixture  of  metallic  lead  and 
potonde.  By  the  subsequent  exposure  to  heat  and  stirring 
m  an  open   vessel,  the   metallic  portion  absorbs   oxyg^, 
whereby  the  whole  is  converted  into  protoxide. 

IL  Stmi-vUrified  oxide  of  Lead,  or  Litharge, 

1.  Semi- vitrified  oxide  of  lead  is  formed  during  the  pro- iLKhargcti 
cess  for  separating  from  lead,   a  portion  of  silver^  with  '^J^^^ 
which,  in  larger  or  smaller  amount,  the  metal  is  usually 
combiiied.  The  process  Consists  in  this:  The  lead  is  placed 

upon  a  large  flat  dish  called  a  test.*  The  flame  of  a  blast 
famace  is  made  to  act  upon  its  siu-face;  the  effect  of  which 
is  to  convert  the  lead  into  a  semi-vitrified  substance;  part 
of  which  is  blown  off  the  test,  while  the  remainder  siAks 
into  it.  Whatever  portion  of  silver  the  lead  may  have  con- 
tained, remains  unaltered  on  the  test.  The  semi-vitrified 
substance  is  this  oxide  of  lead,  commonly  called  litharge* 

2.  Semi-vitrified  oxide  of  lead   appears  to  be  composed  Consists  of 
of  scales,  partly  of  a  red,  and  partly  of  a  golden-yellow  co-  J^Jf^* 
lour.  It  is  found  to  consist  of  protoxide  of  lead,  combined  with  car- 
with  a  small  portion  of  carbonic  acid.  ^»'*^  »^*f 

3.  Scmi-vitrifird  oxide  of  lead  or  litharge  has  several  usestha^m' 
in  the  arts.   It  is  employed  in  the  glazing  of  pottery;  and  the  arts; 
by  painters  to  render  linseed  oil  more  drying.  It  enters  as 

a  component  part  in  some  kinds  of  glass;  in  the  manufac- 
ture of  which,  it  is  useful  by  facilitating  fusion. 

4-   It  is  also  very  useful  in  pharmacy.    It  constitutes  the  andinphai> 
bases  of  a  number  of  plasters,  which  unquestionably   are  """^^y- 
useful  in  abating  inflammation,  and  as  drying  applications. 

III.  Peroxide  of  Lead, 

1.  This  oxide  may  be  prepared  by  causing  chlorine  gas  3  Pcrox- 
to  pass  into  a  vessel,  partly  filled  with  water,  and  contam-  p^['i^f*^* 
ing  red  lead.  The  red  lead  becomes  further  oxidized  at  the  Uon. 
expense  of  the  water,  and  is  at  last  dissolved.    By  dropping 


•  This  inatmmeot  U  formwl  by  beating  a  mixture  of  bqmt  bones  and  fern 
ashes  in  an  iron  hoop  so  as  in  form  a  aliallow  cavitr. 
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BookL   potash  into  the  solution  thus  obtained,  a  precipitate  appears 

Biviikm  I.  ^hich  consists  of  this  oxide* 

Its  proper-      ^*  Peroxide  of  lead  is  a  very  fine  Ught  tastc|pas  powder 

ties.  of  a  flea-brown  colour.  It  is  not  acted  upon  by  sulphuric 

or  nitric  acid.  It  decomposes  hydrochloric  (muriatic)  acidf 
its  hydrogen  being  absorbed,  while  its  chlorine  is  evolvcdL 
When  heated,  it  gives  out  half  its  oxygen  and  is  eonvevled 
into  protoxide. 

Composi-        3,  It  is  composed  of 

'***•  Lead  104 

Oxygen  16 

120.— So  that  it  appears 
that  this  oxide  contains  twice  as  much  oxygen  aa  the  pro- 
toxide. 

lY.  iZed  oxide  of  Lead,  Miniumy  or  Bed  Lead. 

4.  Red  ox-       1.  Red  oxide  of  lead  may  be  obtained  by  the  following 
ideofiead;  proccss:  Expose  massicot,  ground  to  fine  powdef,  for  forty- 
uoq!'**^*     eight  hours  to  heat,  and  let  the  flame  of  a  furnace  act  upon 
its  surface,  while  it  is  constantly  stirred.  The  massicot  ab- 
sorbs oxygen  and  is  converted  into  red  oxide  of  lead. 
Propertiet.      2.  Red  oxide  of  lead  is  a  very  heavy  powder  of  an  inr 
tensely  red  colour.  It  has  no  taste.  When  heated  to  redneaii 
it  gives  out  oxygen,  and  gradually  melts  into  a  dark  browa 
coloured  glass. 
Red  leftd  of     3.  The  red  lead  of  commerce  is  foimd  to  contain,  besides 
coraraerce,  red  oxide  of  lead,  some  protoxide,  together  with  sulphate 
red'wSder  ^^^  hydrochlorate  (muriate)  of  lead,  and  silica.  When  se- 
parated from  these  substances,  it  was  found  to  be  com- 
posed of 

Lead  208 

Oxygen  24 

232.-^Hence  it  would  ap- 
pear that  red  oxide  of  lead  is  an  intermediate  oxide,  con- 
taining three  times  as  much  oxygen,  united  to  twice  as  much 
The  red  ox- lead,  as  the  protoxide.  But  the  results  obtained  by  the  ac- 
'^''^'iSed"  f  ^^^^  ^^  acids  upon  this  oxide,  favour  the  supposition  that 
the  pnnox'  it  is  a  compound  of  protoxide  and  peroxide,  rather  than  a 
ide  and  per.  peculiar  oxide.  Thus  if  nitric  acid  be  poured  upon  the  red 
oxide  of  lead,  a  portion  only  is  dissolved,  which  proves  to 
consist  of  protoxide:  the  other  portion,  not  attacked  by  the 
acid,  is  found  to  be  peroxide.  Now  this  separation  into  pro- 
toxide and  peroxide  always  takes  place,  when  the  attempt  ia 
made  to  dissolve  red  oxide  of  lead  in  acids. 
Uses  of  the      4.  Red  oxide  of  lead  as  a  paint  is  extensively  used  in  the 
red  oxide,   ^j^^^  Qf  all  the  oxides  of  lead,  it  is  preferred  as  a  flux  in  the 
manufacture  of  glass. 


TW. 
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VIL'  Lead  combines  in  one  propcMtlon  withchloritie  and  Chaf.hl 
fams  chloride  of  lead.  Lead  formt 

]•  Chloride  of  lead  (horn  lead)  may  be  formed  by  precipi-  <>pe  ehio- 
ttdng  a  solution  of  nitrate  of  lead  by  chloride  of  bodium  "  ^' 
(common  8alt)t  The  precipitate  obtained,  by  being  melted, 
ii  converted  into  this  chloride. 

S*  Chloride  of  lead  is  a  semi-transparent  substance  of  a  lu  proper^ 
greyiah-white  colour,  having  some  resemblance  to  honu^*^* 
When  heated  in  the  open  air,  it  evaporates  in  the  form  of  a 
white  smoke;  but  in  close  vessels,  it  remains  fixed  even  at  a 
red  heat* 

3.  It  is  composed  of 

Lead  104 

Chlorine  36 

140 

VIII.  Lead  is  capable  of  forming  an  iodide  by  means  of  Iodide  of 
heat*  tt  has  a  fine  yellow  colour.  Its  exact  composition  is  *^^' 
not  known. 

IX.  Phosphuret  of  lead  may  be  formed  by  dropping  bits  Phospha- 
of  phosphorus  into  melted  lead.  It  has  a  silver-white  colour,  ^^ 
wntk  a  shade  of  blue. 

X.  Lead  combines  with  sulphur  and  forms  sulphuret  of  Saipharet 
lead.  It  occurs  abundandy  native  under  the  name  of  ga-  ^J^  ^ 
lena.  It  may,  however,  be  formed  artifically,  by  dropping  »^^ 
sulphur  into  melted  lead.  It  is  a  britUe,  brilliant  substance 

of  a  deep  blue  colour.  It  is  much  less  jfusible  than  lead.  It 
is  composed  of 

Lead  104 

Sulphur  16 

120 

XL  The  only  important  alloy  which  lead  forms  with  the  Alloy  of 
metals  already  described  is  that  with  antimony.  When  it  JjJJ?^^ 
contains  about  sixteen  parts  of  lead  united  with  one  of  an- 
timony, it  constitutes  the  metallic  compound,  of  which  prin- 
ters' ^pes  are  made. 

XII.  The  preparations  of  lead,  when  taken  into  the  sto-  Lead,  a 
mach,  prove  poisonous.  poiion. 


SECTION  IX. 

OP  TIN. 

I.  Tin  may  be  obtained  pure,  by  boiling  the  tin  of  com-  Tin:  how 

ObtMB 

pure. 


merce,  in  nitric  acid,  for  some  time,  and  heating  strongly  ^^^'^'^^^^ 
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Howob* 
Uine«l  from 
^     its  orei. 

OrMOftin, 

where 

foaiid. 


Praperticfl 
of  tin. 


Spec  miT. 
7-29U 

Tin  fcrnii 
two  oxides. 

1.  Protox- 
ide. 


ItB  proper- 
ties. 


i  Perox- 
ide. 
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the  white  powder  thereby  formed,  in  contact  wiA  about 
one- fourth  of  its  weight  of  charcoal  powder,  in  a  covered 
crucible  for  half  an  hour. 

IL  This  metal  is  obtained  from  its  ores,  by  fusion  with 
powdered  charcoal.  The  charcoal  separates  the  oxygen  of 
the  ore;  and  the  sulphur,  when  that  is  present,  is  driven  off* 

III*  The  ores  of  tin  are  the  sulphuret  or  tin  pyrites,  and 
two  oxides,  called  tin  stone  and  wood  tin.  In  Europe,  they 
are  found  abundandy  in  particular  districts  in  Germany^ 
Spain  and  England.  They  are  found  abundantly  also  m 
some  parts  of  Asia.  In  South  America  they  occur,  but  only 
in  small  amount. 

IV.  Tin  has  a  fine  white  colour  like  silver,  and  conside* 
rable  brilliancy,  when  free  from  tarnish.  It  has  a  slighdy 
disagreeable  taste,  and  a  peculiar  smtll  when  rubbed.  Its 
hardness  is  between  that  of  gold  and  lead.  It  is  very  mal* 
leable,  but  does  not  possess  much  ductility.  It  is  flexible 
and  produces  a  crackling  noise  when  bended*  In  air  it 
loses  its  lustre,  and  becomes  of  a  greyish  black  colour* 
Under  water,  at  the  common  temperature  of  the  atmosphere^ 
it  remains  unaltered.  Its  melting  point  is  at  the  tempera- 
ture of  442<>. 

V.  Tin  is  nearly  seven  and  one-third  times  as  heavy  as 
water. 

VI.  Tin  combines  in  two  proportions  with  oxygen,  and 
forms  protoxide  and  peroxide  of  tin. 

1.  Protoxide  of  tin  may  be  obtained  pure  by  adding  pot- 
ash, in  excess,  to  a  solution  of  tin,  in  hydrochloric  (muriatic) 
acid,  formed  by  the  assistance  of  heat.  A  white  powder  falls, 
part  of  which  is  redissolved;  what  remains  is  protoxide  of  tin* 

2.  Protoxide  of  tin  has  a  dark  grey  colour,  and  some 
metallic  lustre.  It  has  no  taste.  It  is  soluble  in  acids  and  in 
solutions  of  the  principal  salifiable  bases.  When  heated  it 
takes  fire,  undergoes  combustion,  and  is  converted  into  the 
peroxide.  When  in  solution,  the  same  conversion  takes  place 
by  the  absorption  of  oxygen* 

3.  It  is  composed  of 

Tin  59 

Oxygen  8 

67 
1*  Peroxide  of  tin  may  be  formed  by  heating  tin  in  strong 
nitric  acid.  A  violent  effervescence  takes  place,  and  the 
whole  of  the  metal  is  converted  into  a  white  powder,  which 
consists  of  this  oxide.  It  may  be  obtained  also  by  heating 
tin  very  violently  in  an  open  vessel.  The  metal  catches  fire, 
^d  the  product  of  the  combustion  is  this  oxide* 


TIN.  93 

%  Peroxide  of  tin,  when  pure,  has  a  yeUow  colour;  but  Chap.  ni. 
TCiy  often  it  is  obtained  white,  which  is  owing  to  the  pre-  luproper- 
Moce  of  water.  It  combines  with  both  acids  and  salifiable  ties. 


3*  It  u  composed  of 

Tin  59 

'Oxygen        16 

75. — So  that  it  contains 
twice  as  much  oxygen  as  the  protoxide. 

VII.  Tin  combines  in  two  proportions  with  chlorine,  and  Tm  romu 
forms  proiochioride  and  perchloride  of  tin.  ride«?**^ 

1.  Protachloride  of  tin  may  be  obtained  by  evaporating,  i.  Proio- 
to  diyness,  the  hydrochlorate  (muriate)  of  tin,  and  fusing  •M^ride. 
die  drv  mass  in  a  close  vessel. 

S.  It  has  a  grey  colour  and  the  resinous  lustre  and  frac-  Iti  proptr- 
ture.  When  it  comes  in  contact  with  water,  this  liquid  is  ^"^ 
decomposed;  and  the  chloride  is  changed  into  a  hydrochlo- 
ratt  (muriate);  when  heated  in  chlorine  gas,  it  undergoes 
combustion,  and  is  converted  into  the  perchloride. 

3.  It  is  composed  of 

Tin  59 

Chlorine        36 

95 

1.  Perchloride  of  tin  (fuming  liquor  of  Libavius.— Oxy-  2.  Penhio- 
muriate  oi  tin)  may  be  formed  by  distilling,  at  a  moderate  '^^^' 
heat,  a  mixture  of  six  parts  of  tin,  one  part  of  mercury,  and 
thirty-three  parts  of  perchloride  of  mercury  (corrosive  sub- 
limate). At  first  a  colourless  liquid  passes  into  the  receiver; 

but  afterwards  there  sudd^ly  rushes  in  a  white  vapour, 
which  condenses,  in  the  receiver,  into  a  fuming  liquid:  this 
liquid  is  perchloride  of  tin.  This  same  chloride  is  obtained 
by  the  combustion  of  tin  in  chlorine  gas.  When  introduced 
into  it,  the  metal  undergoes  this  process  and  the  product  is 
the  chloride  in  question. 

2.  Perchloride  of  tin  is  a  colourless  liquid  like  water,  its  proper- 
When  exposed  to  the  air,  it  fumes  violendy,  owing  to  the  ^'®' 
avidity  with  which  it  absorbs  moisture. 

3.  It  is  composed  of 

Tin  59 

Chlorine       82* 

141. — So  that  this  chlo- 
ride contains  considerably  more  than  twice  as  much  chlorine 
as  the  protochloride.  The  chlorides  of  tin  do  not  admit  of 
any  exact  comparison  as  to  composition. 

VIII.  Iodide  of  tin  may  be  formed  by  bringing  the  melt-  iodide  of 

tin. 
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Book  l   cd  metal  in  contact  with  the  vapour  of  io^ne«  It  is  a  very 
Difiiioni.  fusible  substance  of  a  dirty  orange  colour*    When  it  comes 
in  contact  with  water,  it  decomposes  that  Uquid,  and  is  con- 
verted into  hydriodic  acid  and  oxide  of  tin. 
Ph(»pha-        IX.  Phosphuret  of  tin  may  be  formed  by  dropping  phos- 
^^  phorus  into  melted  tin*  It  has  the  colour  of  silver,  and  its 

filings  resemble  those  of  lead*  When  thrown  upon  hot  coals, 
the  phosphorus,  which  it  contains,  catches  fire.  It  is  com- 
posed of 

Tin  59 

Phosphorus   10* 

69 
Tin  formt       X.  Tin  combines  in  two  proportions  with  sulphur,  and 
u^Milpha-  forms  sulphuret  and  bisulphuret  of  tin*  « 

1.  Sulpha-       1.  Sulphur et  of  tin  may  be  obtained  by  fusing  tin  with 
^^  sulphur,  reduc'mg  the  resulting  mass  to  powder,  and  fuaing 

it  again,  with  another  portion  of  sulphur;  taking  care  to 
keep  it  at  a  temperature  sufficiendy  high  to  drive  off  the 
superabundant  sulphur. 
lu  proper-      2.  This  sulphuret  has  a  lead  colour,  and  the  metallic  lus- 
^^'  tre.  When  acted  upon  by  hydrochloric  (muriatic)  acid,  it  is 

converted  into  oxide  of  tin  and  hydrosulphuric  acid  (sul- 
phuretted hydrogen.) 
3.  It  is  composed  of 

Tin  59 

Sulphur  16 

75 
s.  Bisui.         1.  Bisulphuret  oftin^  formerly  called  mosaic  gold  (aurum 
phuret.      mosaicum)  may  be  obtained  by  exposing  a  mixture  of  twelve 
parts  of  tin,  seven  parts  of  sulphur  and  three  parts  of  by- 
drochlorate  of  ammonia  (sal  ammoniac)  to  a  strong  heat, 
for  eight  hours,  in  a  black  lead  crucible,  to  which  is  luted  a 
vessel  to  receive  the  sublimed  product.  This  sulphuret  will 
be  found  sublimed. 
Ju  proper-      2.  Bisulphuret  of  tin,  when  pure,  consists  of  light  scales 
***■•  of  the  colour  of  gold.  When  heated  it  lets  go  part  of  its 

sulphur,  and  is  converted  into  the  simple  sulphuret*  It  is 
insoluble  in  water,  and  is  not  acted  upon  by  hydrochloric 
(muriatic)  or  nitric  acid* 
3.  It  is  composed  of 

Tin  59 

Sulphur  32 


91.— So  that  it  is  pro- 
perly entitled  to  the  name  of  bisulphuret;  as  it  yiwifains 
twice  as  much  sulphur,  as  the  simple  sulphuret. 
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XL  The  foUcMrnig  are  the  only  alloys  of  tin  with  the  Cmav.  in. 
aciala  already  describee),  that  deserve  to  be  mentioaed*        AHmTof 

1.  An  alloy  of  tin  and  antimony  constitutes  the  metallic  tin,  viUi 
plates  upon  which  music  is  engraved.  autimooy; 

2«  Tin  and  iron  are  not  very  readily  corobtnedi  so  aa  to  wkk  iron; 
form  an  alky;  but  the  formation  of  tin  j^atea  affords  sufli* 
cient  proof  that  diere  is  some  affinity  between  them*  Tin 
plate  is  made  by  dipping  into  melted  tin,  thin  plates  of  iron, 
aaade  thoroughly  clean,  first  by  rubbing  them  with  sand,  and 
afterwards  by  steepiosg  them  in  water  acidulated  by  bran  or 
auVphuric;  acid.  The  tin  gives  a  coating  to  the  iron,  which 
it  renders  uniformly  white. 

3.  An  alloy  of  tin  and  zinc  constitutes  the  principal  part  vith  unc; 
of  some  species  of  pewter. 

4*  Tin  and  lead,  united  in  different  proportions,  consti-  ■nd  with 
tute  plumber's  solder,  as  well  as  the  more  common  kinds  *^^'  . 
of  pewter.  Tin  foil  always  contains  a  portion  of  lead* 

XII.  Tin  has  many  uses.  The  covering  which  it  affords  Uietof  tio. 
to  iron  and  copper  vessels,  makes  it  of  great  importance  to 
mankind. . 

XIII.  Tin,  in  a  state  of  powder,  is  sometimes  \ised  in  Medical 
medicine.  In  large  doses,  it  is  considered  very  efficacious  "*^ 
for  expelling  the  tape  worm. 


SECTION  X. 

OF  COPPER. 

I.  Copper  may  be  obtained  pure  by  the  following  pro-  Ck)ppcr; 
cess:  Dissolve  the  copper  of  commerce  in  strong  hydrochlo-  ^©^  obtai*. 
ric  (muriatic)  acid.  Immerse  into  the  solution  thus  formed,     ^^^^' 
diluted  with  water*  a  polished  piece  of  iron.  The  copper 
is  precipitated  in  the  metallic  state.  The  precipitate,  after 
being  washed  and  dried,  is  pure  copper. 

II*  The  copper  of  commerce  may  be  obtained  from  its  iiow  ob. 
ores,  by  first  pounding  and  washing  them;  and  afterwards,  f»*"*^  f*;®"' 
if  they  contain  sulphur,  subjecting  them  to  the  operation  oi^y^^  ^^^ 
roasting  for  several  successive  times.  They  are  then  to  be  way. 
melted  into  a  mass.  After  the  copper  is  obtained,  in  a  certain 
degree  of  purity,  by  these  processes,  it  is  fused  hastily  with 
du'ee  times  its  weight  of  lead.  This  latter  metal  dissipates, 
or  separates  in  scoria,  the  sulphur,  arsenic,  iron,  and  other 
foreign  substances,  with  which  it  may  be  contaminated.  It 
it  afterwards  subjected  to  a  second  fusion,  by  which  other 
impurities  are  made  to  rise  to  the  surface,  in  the  form  of 


96 

BookL 
Divisiool. 


Howfirand 
native. 

Properties 
of  copper. 


Speo.  graT. 

8895. 
Copper 
foriDt  two 
oxides. 

1.  ProCOK" 
Ide. 


Its  proper- 
ties. 


«.  Perox- 
ide. 


lu  proper- 
ties. 


Copper 


BASIFIABLE  COMBUSTIBLES. 

scoris.  The  purity  of  the  metal  is  then  tested  by  the  im- 
mersion of  a  rod  of  iron  into  the  melted  mass:  the  iroo 
becomes  coated  with  copper,  the  quality  of  which  may  be 
readily  ascertained  upon  examination* 

III.  Copper  is  found  abundandy,  in  different  parts  of  the 
world,  in  the  states  of  sulphurets,  oxides  and  salts. 

IV.  Copper  has  a  fine  red  colour,  and  a  great  deal  of 
brilliancy.  It  possesses  a  nauseous  and  st}*pdc  taste,  and  a 
disagreeable  smell  when  rubbed.  It  is  very  malleable,  and 
possesses  considerable  ductility.  Its  hardness  exceeds  that 
of  silver.  It  is  not  altered  under  water.  Its  fusing  point  is 
at  27^  of  Wedge  wood;  and  when  exposed  to  a  greater  heat, 
It  evaporates  in  visible  fumes.  When  subjected  to  a  violent 
heat,  such  as  is  produced  by  the  combustion  of  a  mixture 
of  oxygen  and  hydrogen  gases,  it  takes  fire  and  bums  with 
great  brilliancy,  emitting  a  very  intense  green  light. 

V.  It  is  very  nearly  nine  times  as  heavy  as  water. 

VI.  Copper  combines  in  two  proportions  with  oxygen, 
and  forms  protoxide  and  peroxide  of  copper.  Both  these 
oxides  enter  into  the  composition  of  salts. 

1.  Protoxide  of  copper  may  be  obtained  by  putting  pieces 
of  rolled  copper  into  a  solution  of  copper  in  hydrochloric  (mu- 
riatic) acid,  contained  in  a  phial,  which  must  then,  be  closely 
corked.  After  some  time,  the  colour  of  the  solution,  which  is 
at  first  green,  becomes  converted  into  a  dark  brown.  Add, 
to  the  liquid  as  it  now  stands,  a  solution  of  potash.  A  preci- 
pitate immediately  falls,  which  consists  of  protoxide  of 
copper. 

S.  This  oxide  is  red  when  native;  but  when  formed  arti- 
ficially, it  has  a  yellow  colour.  It  is  composed  of 

Copper  64 

Oxygen  8 

72 

1.  Peroxide  of  copper  may  be  formed  by  keeping  red  hot 
for  some  time,  in  an  open  vessel,  the  scales  which  form  on 
the  surface  of  copper,  when  exposed  to  a  red  heat.  By  being 
thus  treated,  the  scales  absorb  oxygen  and  are  converted 
into  the  peroxide  in  question. 

2.  This  oxide  is  a  tasteless  black  powder,  soluble  in 
acids.  It  is  composed  of 

Copper  64 

Oxygen  16 

80.— So  that  it  is  ob- 
vious that  this  oxide  of  copper  contains  twice  as  much 
oxygen  as  the  protoxide. 

VII.  Copper  combines  in  two  proportions  with  chlorine. 


^hT^'A^^   and  forms  protochloride  and  perchloride  of  copper. 


chlorides. 
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]•  Pr^iochhride  of  copper  may  be  formed  by  heating  a  CBAv.m. 
nixture  of  two  parts  of  perchloride  of  mercury  (corrosive  i.Proto- 
suUiinatc)  and  one  part  of  cupper.  The  chlorine  separates  «bloride. 
from  the  mercury^  and  combines  with  the  copper,  so  as  to 
form  this  chloride.  ^ 

%•  This  chloride  has  an  amber  colour,  and  a  certain  de-  its  proper- 
gree  of  transparency.  In  close  vessels  it  is  not  decomposed  <^ 
at  a  red  heat;  but  at  the  same  temperature  in  the  open  mr, 
it  dissipates  in  white  fumes.  It  is  composed  of 

Copper  64 

Chlorine  36 

100 
]•  Perchhride  of  copper  may  be  formed  by  evaporating  3.  per«hl«- 
perhydiochlorate  (green  muriate)  of  copper  to  dryness,  at  a  ride, 
heat  not  exceeding  4O0^«    The  hydrogen  of  the  acid,  and 
the  oxygen  of  the  oxide  of  copper  are  driven  off,  and  what 
remains  consists  of  this  chloride. 

%•  Perchloride  of  copper  has  a  brownish  yellow  colour.  lu  praper- 
Wben  exposed  to  the  air,  it  absorbs  moisture,  and  becomes,  ^** 
first  white  and  then  of  a  green  colour.  Heat  drives  off  part 
of  its  chlorine,  and  converts  it  into  the  protochloride.  It  is 
composed  of 

Copper  64 

Chlorine  72 

lo6. — So  that  it  is  ob- 
vious that  this  chloride  of  copper  contains  twice  as  much 
chlorine  as  the  protochloricie. 

VIII.  Iodide   of  copper  may  be  formed  by  heating  its  iodide  oi 
constituents  togt^ther.  It  has  been  but  very  slightly  examin-  «>pi>er. 
ed.  Its  composition  is  not  known. 

IX.  Phosphuret  of  copper  may  be  formed  by  throwing  Photphu- 
pieces  of  phosphorus  upon  red  hot  copper.  This  phosphuret"^ 

is  neither  ductile  nor  pulverizable.  It  is  harder  than  iron, 
and  much  more  fusible  than  copper.  When  exposed  to  the 
air,  it  loses  its  lustre,  and  falls  to  pieces;  the  copper  being 
oxidized,  and  the  phosphorus  converted  into  phosphoric  acid. 

X.  Sulphuret  of  copper  may  be  formed,  by  exposing,  in  Sulpharet. 
a  glass  receiver,  a  mixture  of  eight  parts  of  copper  filings, 

and  three  parts  of  flowers  of  sulphur,  to  the  heat  of  burning 
conls.  The  mass  first  melts,  and  then  explodes  gendy;  after 
which,  when  the  combination  is  complete,  it  becomes  red 
hot.  It  is  a  brittle  substance,  of  a  deep  blue-grey  colour.  It 
is  much  more  fusible  than  copper.  It  is  composed  of 

Coi^per  64 

Sulphur  16 

•'■ 
80 
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dooK  I.       XL  The  following  alloys  of  copper,  with  metak  already 
^^"*^^'  described^  deserve  to  be  mentioned* 

Aiiojt  of        1.  The  variety  of  iron,  which  is  brittle  when  red  hot,  aad 
ritnroD-   ^^^^  ^is  circumstance  called  hot  shorty  is  supposed  to  de- 
rive its  peculiar  qualities  from  the  presence  of  copper, 
with  zinoi       2.  The  alloy  of  copper  and  zinc  constitutes  different  kinds 
*^'^  of  brass.   It  is  formed,  by  the  manufacturer,  by  melting 

together,  granulated  copper,  the  native  ore  called  cahunine, 
and  a  proportion  of  charcoal  powder.  The  fusion  must  be 
ktpt  up  for  five  or  six  hours.  By  this  mode  of  proceeding, 
the  zinc  of  the  calamine  becomes  deoxidized,  and  combines 
with  the  copper.  The  most  intimate  compound  of  these  me- 
tals is  in  the  proportion  of  64  parts  of  copper,  to  3  J  parts 
of  zinc. 

Brass  is  much  more  fusible  than  copper.  It  is  malleable 
when  cold,  if  n  't  containing  too  large  a  proportion  of  zinc; 
but  brittle  when  heated.  It  possesses  ductility,  and  may  be 
drawn  out  into  verj*  fine  wire. 

An  alloy  of  copper  and  zinc,  in  which  the  zinc  predomi- 
nates in  a  certain  degree,  constitutes  pinchbeck,  or  prince 
Rupert's  metal. 
with  Un.         3.  The  alloy  of  copper  and  tin,  united  in  different  pro- 
portions, constitutes  the  metals  of  which  bells,  bronze,  can- 
nons and  the  mirrors  of  telescopes  are  made.  The  tin  in 
these  alloys  diminishes  the  ductility  of  the  copper,  but  in- 
creases its  hardness,  fusibility  and  sonorousness.  Bronze 
and  the  metal  of  which  cannons  are  made,  arc  composed 
of  from   eight  to  twelve  parts  of  tin,  combined  with  one 
hundred  parts  of  copper.  Bell  metal  contains  about  one* fourth 
of  its  weight  of  tin.  The  alloy  for  the  mirrors  of  telescopes 
is  composed  of  two  parts  of  copper  united  to  one  part  of 
tin. 
Procen  of      4.  In  consequence  of  the  ease,  with  which  copper  may 
tianingcop-  [^  alloyed  with  tin;  the  former  may  be,  very  readily,  cover- 
pei  eicri  -^^  ^^.^j^  ^  coating  of  the  latter.  A  coating  of  tin  is  very  fre- 
quently given  to  copper  vessels,  intended  for  use  in  cooking, 
to  guard  against  the  bad  effects  of  the  copper.  The  proctss 
of  tinning  copper  is  conducted  in  the  following  manner.  The 
vessel  to  be  tinned  has  its  interior  surface  scraped  very  clean 
with  an  iron  instrument,  and  then  rubbed  with  hydrochlo- 
rate  of  ammonia  (sal  ammoniac).  It  is  then  heated,  and  a 
little  pitch  thrown  into  it,  which  is  allowed   to  spread* 
While  in  this  state  of  preparation,  the  tin  is  rubbed  over 
the  whole  surface,  which  immediately  assumes  a  silvery 
white  colour.  The  previous  steps  in  the  process  are  neces- 
sary to  rentier  the  copper  perfectly  clean;  for  the  tin  will 
not  adhere,  if  the  surface  of  the  copper  be  in  the  least  de- 
^TLc  tarnished. 


BISMUTH.  OQ 

Moit  generally  it  is  not  tin,  but  an  alloy  of  tin  and  lead,  Chap.  hi. 
which  is  used  to  give  this  coating  to  copper  vessels.  It  was 
supposed  probaUe,  therefore,  that  the  latter  metal  might  be 
dissolved,  when  such  vessels  were  used  for  preparing  fof>d, 
nore  particalarly  acid  food.  Experiments  have  been  made 
ts  aacertain  this  point;  and  it  appears  that  the  presence  of 
Ae  tin  prevents  altogether  any  solution  of  the  lead.  Ac* 
cordingly  copper  vessels,  tinned  with  this  alloy,  mny  be  em- 
pkn-ed  for  the  preparation  of  food  without  hazard. 

XII.  Metallic  copper  is  not  employed  in  medicine.  But  MvtRinc 
in  different  states  of  combination,  it  furnishes  the  physi- •"»'.*■»'»  "**^ 
cian  with  several  valuable  preparations.  These  will  be  no- iifdm" '"^^ 
ticed  hereafter  under  distinct  heads. 


SECTION   XL     ^. 

OP  BISMUTH. 

I.  Bismuth  may  be  obuined  by  the  following  process:  Bismuth: 
Dissolve  the  bismuth  of  commerce  in  strong  nitric  acid  J*^'*' ^'^l***'^- 
aad  precipitate  the  solution  by  adding  water.  Wash  the^'  ^"^'^' 
precipitate,  which  consists  of  oxide  of  bismuth;  and  aftt.r 
being  dried,  escpose  it  for  twenty  minutes  to  a  dull  red  heat, 
mixed  with  black  flux.  The  precipitate  becomes  deoxidized, 
and  a  button  of  pure  bismuth  ib  obtained. 

IL  Bismuth  is  usually  obtained  from  its  ores,  by  fusion  >iow  ob- 
with  one-eighth  of  their  weight  of  white  flux.  The  sulphur  !f "'*'•"' °"' 
and  oxygen,  which  may  be  present,  are  separated,  and  the 
pure  biamuth  remains  behind. 

III.  Bismuth  has  been  found  in  Swt  den,  France  and  Eng-  when- 
land;  but  it  occurs  in  by  far  greater  abundance  in  Saxony  ^'*""'* 
than  in  any  other  coimtry.  It  exists  usually  in  the  state  of 
lulphuret  or  of  oxide. 

IV.  Bismuth  has  a  white  colour  with  a  tint  of  red.  It  is  Propeni 
tasteless  and  inodorous.  In  texture,  it  is  composed  of  bril-  oi  biimuti 
liant  plates,  adhering  to  each  other.  When  exposed  to  the 

air,  it  suffers  a  slight  tarnish,  but  remains  unaltered  under 
water.  It  is  neither  malleable  nor  ductile.  In  hardness  it  is 
inferior  to  copper.  Its  fusing  point  is  at  the  temperature  of 
476^;  and  if  the  heat  be  increased  beyond  this  degree  in 
close  vessels,  the  metal  may  be  distilled  over. 

V.  It  is  somewhat  leas  than  ten  times  as  heavy  as  water,  spec  gnir 

VI.  Bismuth  combines  with  oxygen  in  one  proportion    .9'8'^^- 
only,  and  forms  oxide  of  bismuth.  ?"m"imt 

1.  This  oxide  may  be  formc-d  by  keeping  bismuth  in  a  one  u\v\f\ 
itate  of  fusion,  exposed  to  the  open  air.  A  pellicle  forms  on 
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lodiHe  of 
bUmuth. 


Book  I.  the  Burface  of  the  metal,  which  is  quickly  succeeded  by  an- 
^^*^^'"°°'-  other,  as  soon  as  the  first  is  removed.  By  continuing  the  fu- 
sion, the  whole  metal  may  at  last  be  converted  into  these 
pellicles*  They  are  then  to  be  heated,  with  agitation,  for 
some  time  in  an  open  vessel;  by  which  treatment  they  absorb 
oxygen  and  are  converted  into  the  oxide  in  question.  Oxide 
of  bismuth  may  be  formed  also  by  combustion.  Whcrn 
bismuth  is  exposed  to  a  strong  red  heat,  it  catches  fire,  and 
bums  with  a  faint  blue  flame;  the  product  being  this  oxide. 
2.  Oxide  of  bismuth  is  a  tasteless  insoluble  yellow  pow- 
der. It  is  composed  of 

Bismuth  71 

Oxide  8 

79 
and  tat  OM     VII.  Bismuth  combines  in  one  proportion  with  chloriue^ 
chloride,     gn^j  forms  chloride  of  bismuth. 

1.  Chloride  of  J^ismuch,  formerly  called  butter  of  bis- 
muth, may  be  obtained  by  keeping  in  a  state  of  fusion  for 
several  hours,  a  mixture  of  perchloride  of  mercury  (corro- 
sive sublimate)  and  bismuth.  The  chlorine  is  transferred 
from  the  mercur\'  to  the  bismuth,  with  which  it  forms  the 
chloride  in  question.  The  mercury,  in  the  metallic  state, 
sinks  to  the  bottom  of  the  vessel. 

2.  This  chloride  is  opaque,  of  a  greyish  yellow  colour, 
and  granulated  t  xture.  In  close  vessels  it  does  not  sublime, 
even  at  a  red  heat.  It  is  composed  of 

Bismuth  71 

Chlorine  36 

107 
VIII.  Iodide  of  bismuth  may  be  formed  by  heating  its 
constituents  together.  When  thus  formed,  it  is  an  in- 
soluble substance,  of  an  orange  yellow  colour.  It  has  not 
been  analyzed- 
Suiphurat  IX.  Sulphuret  of  bismuth  may  be  formed  by  fusing 
together  its  constituents.  It  is  a  very  brittle  and  fusible 
substance,  of  a  bluish  grey  colour.  It  is  composed  of 

Bismuth  71 

Sulphiur  16 

87 


SECTION  XII. 

OF  MERCURY. 

Common  name,  QuteksUver, 

Merearr;        L  Mercurt  may  be  obtained  pure,  by  exposing,  to  an 
^^!^^'°*  obsciu*e  red  heat,  a  mixture  of  two  parts  of  native  sulphuret 
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of  flMTCUfy  (cinnabar)  and  one  part  of  iron,  contained  in  a  Cbap.  in. 
slonewarc   retort,  furnished    i^ith   a  receiver   filled   with 
vaier.  The  sulphur  combines  with  the  iron,  and  the  mercury 
appears  in  the  metallic  state. 

II.  Mercury,  either  native  or  mineralized,  has   beenwiiera 
faund  m  Spain,  Germany,  and  Hungary;  m  China  and  iii^°*^ 
Pcni«  The  most  productive  mines  are  those  of  Idria,  and 

of  Almaden,  near  Cordova,  in  Spain*  It  occurs,  forming  an 
amalgam  with  silver;  as  a  sulphuret  (cinnabar),  and  as  a 
chloride  (horn  mercur>). 

III.  Mercury  has  a  white  colour,  resembling  that  of  Prapertiet 
silver,  and  possesses  considerable  brilliancy.  It  is  liquid  *^'^''**^* 
at  the  common  temperature  of  the  atmosphere;  in  which 
respect  it  differs  from  all  other  metals.  It  solidifies  at  the 
temperature  of  39^  below  zero,  of  Fahrenheit's  scale,  and 
becomes  much  heavier.  Its  boiling  point  is  at  the  tempera- 
ture of  656^:  accordingly  it  maybe  subjected  to  distillation, 
whereby  it  may  be  freed  from  admixture  of  contaminating 
netab.    It  is  not  altered  by  being  kept  under  water,  and 

suffers  a  slight  tarnish  only  by  exposure  to  the  air. 

IV.  It  is  somewhat  more  than  thirteen  and  a  half  times  Spet.  triT. 
as  heavy  as  water.  is  sis, 

V.  Mercury  combines  in  two  proportions  with  oxygen,  Mercary 
and  forms  protoxide  and  peroxide  of  mercury.  ^^*^^^  ^^^ 

PR01*OXIDE  OF  MRKCURY. 

Formerly  called,  Ethiopt  per  te.  -^^^ 

1.  This  oxide  may  be  formed  by  digesting  protochloride  How  pre- 
of  mercury  (calomel)  in  a  solution  of  potash.   A  powder  is  P**^* 
thereby  formed,  which  consists  of  the  oxicTe  in  question.  It 

may  be  formed  also  by  subjecting  mercury,  contained  in 
a  phial,  to  constant  agitation.  It  was  obtained  in  this  way  by 
the  earlier  chemists;  and,  from  the  manner  of  the  process, 
was  called  ethiops  per  se. 

2.  Protoxide  of  mercury  is  an  insoluble  powder  of  a 
black  colour  and  coppery  taste.  It  is  destitute  of  metallic 
lustre.  It  is  composed  of 

Mercury  200 

Oxygen  8 

208 

3.  Mercury  becomes  slowly  converted  into  protoxide  by  Formed 
contact  with  the  atmosphere.   When  minutely  divided,  by  ^^^^^^  ^"' 
mechanical  means,  this  conversion  takes  place  much  sooner;  ^uh  eer- 
in  consequence  of  the  great  increase  of  surface  exposed  to  ****"  •»*^- 
the  influence  of  the  air.  Accordingly,  whenever  this  metal*     **** 

is  triturated  with  powders  or  viscid  substances,  it  is  con- 
verted into  protoxide,  which  combines  with  the  substance 
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Sereral 
medioiDal 

tiont  thai 
obtained. 


2.  Peroxide. 

How  ob- 
Uioed. 


ikAK  1.  employed.  By  taking  advantage  of  this  circumstance,  several 
DiTiiionL  important  preparations  of  mercury  arc  made*  When  the 
meul  is  triturated  with  carbonate  of  lime  (chalk),  until  its 
metallic  nature  disappear  it  forms  a  preparation  of  the 
London  college,  under  the  name  of  quicknlver  with  chalk. 
In.  very  nearly  the  same  manner,  the  officinal  preparation  of 
the  Dublin  college,  called  quicksilver  with  magnesia^  is 
prepared.  When  triturated  with  conserve  of  roses,  and 
afterwards  mixed  with  some  powder,  such  as  of  liquorice 
or  of  starch,  to  give  the  mass  a  proper  consistence,  it  god- 
stitutes  the  preparation  of  which  the  officinal  mercurial  pills 
are  formed.  Mercurial  ointment,  the  most  common  prepa- 
ration of  mercury  for  external  use,  consists  of  thb  oxide, 
formed,  and  combined,  by  trituration  with  lard. 

PBROXIDB  OF  MERCURY. 
Common  namei  Med  Precipitate  qfJUercury, 

1.  This  oxide  may  be  obtained  by  dissolving  mercury  in 
nitric  acid,  evaporating  the  solution  to  dryness,  and  exposing 
the  dry  mass  to  a  heat  gradually  increased,  until  it  become 
converted  into  very  red  scales.   These  scales  consist  of  the 
oxide  in  question. 
Prepara-         2.  The  Edinburgh  college  directs,  for  the  preparatton  of 
i^^ttedicbe  ^^^'  oxide,  four  parts  of  purified  mercury  to  be  dissolved  in 
'  three  parts  of  diluted  nitrous  acid.  The  solution  thus  form- 
ed is  to  be  evaporated  to  dryness,  and  the  mass  obtained 
ground  to  powder.  This  powder  is  to  be  exposed,  in  a  sand 
bath,  to  a  gradually  increased  heat;  until  the  whole  is  con- 
verted into  very  red  scales.    In  both  these  processes  the 
metal  is  peroxidized  at  the  expense  of  the  acid,  which  is 
partially  decomposed. 

3.  This  oxide  may  be  prepared  also  hy  exposing  mercury, 
contiined  in  a  glass  vessel,  with  a  large  bottom  and  a  narrow 
mouth,  to  a  greater  heat  than  656^,  or  the  boiling  point  of 
mercury.  The  metal  is  converted  into  vapour,  and,  in  that 
state,  is  oxidized  by  the  atmospheric  air,  and  condensed.  By 
a  continuance  of  the  heat,  for  several  months,  the  mercury 
is  ultimately  converted  into  a  red  powder,  which  consists  of 
the  oxide  in  question.  When  the  peroxide  is  prepared  in 
this  manner,  it  is  called  calcined  quicksilver  by  the  London 
and  Dublin  colleges.  It  possesses,  however,  no  superiority 
over  that  obtained  by  the  action  of  nitric  acid,  when  care- 
fully prepared.  The  peroxide  obtained  by  the  method  of  the 
Edinburgh  college  is  called  the  red  oxide  of  quicksilver  by 
nitric  acid. 

4.  Peroxide  of  mercury,  or  red  precipitate,  has  a  bright 
scarlet  colour,  and  an  acrid  and  disagreeable  taste.  It  is 
somewhat  soluble  in  water. 


Another 
method. 


I'croxide 
described. 
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5.  1%  is  composed  of  Cirip.  iir. 

Mercury  200 

Oxygen  16 

216— so  that  it  appears, 
that  thb  oxide  contains  twice  as  much  oxygen  as  the 
protoxide* 

6.  Peroxide  of  mercury  is  a  very  useful  preparation  in  Tts  nie<Hc»i 
medicine.    It  operates  as  a  poison   in  the  stomach,   and  '"^'' 
possesses  the  properties  of  an  active  caustic  when  applied 

to  the  skin.  When  mixed  with  a  mild  ointment,  it  forms 
one  of  the  best  applications  for  indolcmt  and  other  ill-con- 
ditioned ulcers* 

VI.  Mercury  combines  in  two  proportions  with  chlorine,  MereniT^ 
and  forms  protochloride  and  perchloride  of  mercury.  ^9|j^»  ^^" 

PRDTOCHLGKIDB  OF  MERCURY.  1.  p,^,to. 

Uffud  ehemical  names,  MUd  Mwriate  of  J^terctOY^StUhJlfunate  of  Mercury,  clilorkte,  or 

CommoD  nftroe.  Calomel,  calomel. 

1.  Protochloride  of  mercury  or  calomel  may  be  prepared  How  ob- 
by  the  following  process:  Dissolve  in  boiling  nitric  acid  as  ^^"^ 
much  mercur)'  as  this  solvent  can  take  up.  Make  a  solution 

of  chloride  of  sodium  (common  salt),  containing  half  as 
much  of  this  chloride,  as  the  nitric  solution  does  of  mercury. 
Into  the  solution  thus  formed,  pour  cautiously  the  boiling 
nitric  solution  of  the  mercury.  This  addition  causes  a  white 
precipitate  to  fall,  which  must  be  washed  until  the  water 
employed  comes  off  tasteless,  and  then  dried  on  a  filter. 
This  precipitate  consists  of  the  chloride  under  considera- 
tion. It  is  formed  in  this  process  in  consequence  of  a  double 
decomposition.  No  sooner  is  the  nitric  solution  of  the  mer- 
cury added  to  the  solution  of  the  chloride  of  sodium,  than 
the  mercury,  being  previously  deoxidized,  falls  in  combina- 
tion with  the  chlorine  of  the  chloride,  in  such  aproportion 
as  to  constitute  the  protochloride  of  mercury.  The  sodium 
of  the  common  salt  becomes  oxidized,  and  combines  with 
the  nitric  aci^;  so  that,  after  the  precipitated  chloride  is  re- 
moved, the  remaining  liquid  is  a  solution  of  nitrate  of  soda. 

2.  The  Edinburgh  college  directs  the  following  process  Prepay. 
for  preparing  this  chloride:  Rub  together  in  a  glass  mortar,  ^9^^^  "***" 
with  a  little  water,  four  parts  of  pulverized  perchloride  of 
mercury   (corrosive   sublimate)    and   three  parts  of  pure 
mercury,  until  all  the  metal  is  extinguished.  Sublime  the 
powder  thus  formed,  after  being  dried,  in  an  oblong  phtal 

only  one-third  filled,  by  the  heat  of  if  arm  sand.  When  the 
sublimation  is  finished,  break  the  phial,  and  separate  the 
red  matter  found  near  its  bottom,  and  the  white  matter 
near  its  neck.  Sublime  the  remainder  a  second  time,  grind 
it  into  a  very  fine  powder,  and  wash  it  with  boiling  distilled 
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Book  I.    Water.  It  18  now  pure  protochloride  of  mercury  or  csdo- 
DiviMiou  1.  mci. 

This  last         ^*  ^^  ^^  above  process  of  the  Edinburgh  college,  the  tri- 
proeess  ex-turation  of  the  perchloride  of  mercury  (corrosive  sublimate) 
piuoed.      yfiii^  pQf^  mercury,  has  the  effect  of  decomposing  the  form- 
er, and  enabling  its  chlorine  to  combine  with  the  metallic  mer- 
cur}',  as  an  additional  quantity.  What,  therefore,  was  at  first 
a  perchloride  becomes,  in  this  way,  converted  into  a  proto- 
chloride. This  conversion,  however,  is  not  entirely  complete; 
and  hence  the  necessity  of  sublimation.  But  even  after  this 
measure  is  taken,  there  still  exists,  in  the  upper  and  lowo: 
parts  of  the  vessel,  in  which  the  sublimation  is  performed, 
portions  of  perchloride  not  completely  converted  into  the 
protochloride.  These,  therefore,  are  directed  by  the  Edin- 
burgh college,  to  be  separated  from  the  middle  portion, 
which  is  again  sublimed  as  a  measure  of  farther  precaution. 
The  other  colleges,  however,  triturate  in  a  mortar,  the  entire 
product  of  the  first  sublimation,  so  as  to  mix  its  several  parts; 
and  sublime  it  again,  the  Dublin  college  once,  and  the  Lon- 
don college  four  times*   The  mode  of  proceeding  of  these 
colleges  must  be  considered  as  equally  good,  in  result,  with 
that  pursued  by  the  Edinburgh  college;  and  it  has  the  ad- 
vantage of  economizing  the  ingredients.  It  is  very  proba- 
ble that  one  sublimation,  as  pursued  by  the  Dublin  college, 
may  be  sufficient.  At  any  rate,  no  unpleasant  consequences 
would  arise  from  the  use  of  calomel,  prepared  iu  this  way, 
if  it  be  carefully  washed;  since,  in  this  process,  all  adher- 
ing perchloride  (corrosive  sublimate),  from  its  greater  solu- 
bility, would  he  abstracted. 
Prapertiet       4.  Protochloride  of  mercury,  or  calomel,  is  an  insoluble 
todhJond^  powder  of  a  dull   white  colour,  and  possessing  very  little 
taste.  It  is  somewhat  more  than  seven  times  as  heavy  as 
water.  When  acted  upon  by  chlorine  gas,  it  is  converted 
into  perchloride  of  mercury  (corrosive  sublimate.) 
5.  It  is  composed  of     ^' 

Mercury        200 
Chlorine  36 

236 
ThitehiO'       $.  It  would  require  volumes  to  recount  the  many  valna- 
imuortHut^  Me  applications  of  this  chloride.  It  is  suited  to  almost  every 
medieme.    case,  tu  which  the  internal  employment  of  raercur}'  is  indi- 
cated.   It  acts  as  a  gentle  purgative  in  most  cases;  but  its 
most  remarkable  property  is  thit  of  stimulating  the  secre* 
tory  organs,  more  particularly  the  liver.  It  is  the  prepara- 
tion of  mercury  niost  usuatl>  qiven  to  produce  a  salivation* 
In  the  venereal  disease,  except  in  peculiar  cises,  no  form  oi 
mercury  can  be  substituted  for  it  with  advantage. 


MBRCUBT. 


105 


PERCHLORIDE  OP  MERCT7RT.  Chap  m. 

,  Cvrrowve Muriate  of  Mercury.'^0x}/niwriate9f  Mercury,  S.  Herchlo- 
GofBiDOB  nauiey  Corromve  SuoHmate,  ride,  or  eor- 

1.  This  chloride  may  be  obtained  by  difltsolving  peroxide  mate;  how 
ofmercuTy  in  hydrochloric  (muriatic)  acid.  The  hydnjgen  **^'^" 
of  the  acid,  and  the  oxygen  of  the  oxide  combine  and  form 
wattn?  while  the  chlorine  of  the  former,  and  the  mercury  of 
die  latter  unite  to  form  the  chloride. 

%m  The  British  colleges,  for  the  formation  of  this  chlo-  Pr«pan. 
ride,  direct  the  following  process:  Take  of  purified  mercu-  ^j/*^^ 
Ty,  fDor  parts;  sulphuric  acid,  five  parts,  and  dried  chloride 
cf  sodium  f common  salt)  eight  parts.  Boil  the  mercury  in 
the  aulpbunc  ^id,  contained  in  a  glass  vessel,  until  the  mass 
become  dry;  and  then  mix  it,  when  cold,  with  the  chloride 
of  sodium.  Sublime  the  mixture,  in  a  glass  vessel,  with  a 
heat  gradually  increased.  The  sublimed  product  is  perchlo- 
ride  oif  mercury* 

3«  In  the  process  just  given,  the  mercury,  by  being  boiled  LMt  pro- 
vith  the  sulphuric  acid,  becomes  oxidized  at  the  expense  ®?f  ^* 
of  part  of  the  acid;  while,  with  the  remainder,  it  forms  the 
compound  called  sub-sulphate  of  mercury.  When  the  sub* 
sulphate  is  sublimed  in  a  state  of  mixture  with  dry  chloride 
of  sodium  (common  salt),  a  double  decomposition  takes 
|riacc;  the  chlorine  of  the  chloride  combines  with  the  mer- 
cury of  the  sub-sulphate,  and  this  compound  sublimes; 
while  the  sulphuric  acid  unites  with  the  sodium,  previously 
converted  to  the  state  of  soda,  by  the  oxygen,  which  had 
been  displaced  from  combination  with  the  mercury.  The 
residue  of  the  sublimation  is,  therefore,  a  sulphate  of  soda 
(glauber  salt.) 

4.  Pcrchloride  of  mercur}',  or  corrosive  sublimate,  when  Its  proper 
obtained  by  sublimation,  is  a  beautiful  white  semi-transpa-  ^'^ 

rent  substance.  It  has  an  excessively  acrid  and  caustic  taste; 
and  leaves,  for  a  long  time,  a  disagreeable,  metallic,  styptic 
impression  in  the  mouth.  It  is  soluble  in  about  twenty 
times  its  vt  eight  of  cold  water,  and  in  twice  its  weight  of 
boiling  water.  It  is  soluble  in  sulphuric,  nitric  or  hydrochlo- 
ric (muriatic)  acid;  and  may  be  obtained,  from  solution  in 
either,  by  evaporation  unaltered.  It  is  decomposed  by  so- 
lutions of  potash  or  of  so<ia,  which  throw  down  the  mer- 
cury in  the  state  of  peroxide,  of  a  yellow  colour,  becoming 
afterwards  brick-red. 

5.  When  ammonia  is  added  to  a  solution  of  perchloride  Farmn  a 
of  mercury  (corrosive  sublimate),  a  white  precipitate  f^Hs,  J,^^''**^ 
consisting  of  the  perchloride,  combined  with  a  small  pro- 
portion of  ammonia.    This  compound  is   usn?llv  called  by 
chemists,  a  subopcymuriate  of  mercury-and^ammoma;  it  is 
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-Book  I.  the  white  calx  of  quickaijver  of  the  lUondoB  college,  and  i& 
Divkionl.  employed  medicinally  only  in  the  form  of  ointment.    If 
named  in  conformity  with  the  improved  nomenclature,  it 
ought,  perhaps,  to  be  called  the  ammontattd  perchloride  of 
mercury. 

6.  Perchloride  of  mercury  is  composed  of 

Mercury        2CX) 
Chlorine  72 

272. — So  that  it  is  evi- 
dent that  this  chloride  contains  twice  as  much  chlorine  as 
the  protochloride* 
Its  medical      7.  Perchloride  of  mercury  or  corrosive  sublimate  is  so 
uses.  very  active  a  substance,  as  to  be  properly  classed  among 

poisons.  Nevertheless  it  may  be  employed  intemaUy,  io 
small  doses,  for  the  cure  of  diseases.  It  has  been  given  for 
the  cure  of  the  venereal  disease;  but  it  does  not  deserve  the 
same  confidence  as  the  protochloride  (calomel);  neither  it 
it  so  innocent  or  manageable.  As  an  external  application, 
it  is  useful  in  solution,  to  destroy  fungous  flesh,  to  cleanse 
ulcers  and  to  cure  herpetic  eruptions;  but  the  strength  of 
the  solution  must  be  carefully  attended  to.  A  large  portion 
of  ulcerated  surface  cannot  be  washed  with  it  without  dan- 
ger. The  solution  is  very  useful  also  in  ulcerations  of  the 
diroat,  and  in  promoting  the  desquamation  of  eruptiona* 
Poisoning  8.  When  this  chloride  is  taken,  whether  by  accident  or 
bythiichio-(iesign,  in  too  larvre  quantities,  it  occasions  very  dreadful 

ride  des-  "  »  !•■  j  f     .   » 

oHbed.  consequences.  It  causes  a  bummg  heat  and  sense  of  stnc- 
ture  in  the  throat;  excruciating  pain  in  the  stomach;  nausea 
and  vomiting,  attended  by  violent  efforts.*  It  has  been  as- 
certained by  late  experiments,  that  the  most  effectual  anti- 
dote to  this  poison  is  albumen  or  white  of  the  egg.  This 
latter  substance,  given  in  large  quantities,  beat  up  with  wa- 
ter, combines  with  the  poison,  with  the  effect  of  rendering 
it  nearly  inert.f 

Mercury        VII.  Mercury  combines  in  two  proportions  with  iodine. 
forms  two   The  protiodide  has  a  yellow  colour,  and  the  periodide,  i 
lodidek      beautiful  red.  They  are  both  soluble  in  water, 
l^otphuret     VII L  Phosphuret  of  mercury  may  be  formed  by  distil- 
ofmereury.  Hng  a  mixture  of  peroxide  of  mercury  with  phosphorus. 
The  oxide  parts  with  its  oxygen,  which  acidifies  a  pordoo 
of  the  phosphorus;  and  after  being  thus  reduced  to  the  me- 
tallic state,  combines  with  the  remainder  of  this  combusti- 
ble, to  form  the  phosphuret  in  question.    It  has  a  black 
colour  and  a  pretty  solid  consistence.   When  exposed  to  the 
air  it  exhales  vapours  of  phosphorus. 

*8eeNan«Mde*teditioDorOraUionPaiioiii»p.96.    f  I^*^  P*  ^»  *<  *^ 


MlfiRCURY.  ^Qj 

IXm  Merctny  coaibiiieB  in  two  propoitionB  with  Bulphur,  c«ap.  m. 
mi  fbna^  snlimuret  and  bisulphuret  of  mercury.  Mereury 

formt  two 
SULPHURET  OF  MGRCURY.  tulphureti. 

CominoD  nnme,  Ethiopt  MhieraL 


1.  This  sulphuret  may  be  formed  by  adding  mercury,  i.  Saiphu- 
dowhr^  to  its  own  weight  of  melted  sulphur;  stirring  at  the  ^^  ^^\ 
same  time  the  mixture  constantly,  until  the  union  be  com- 

pkte.  It  may  be  formed  also  by  passing  a  current  of  hydro- 
Bolphuric  acid  (sulphuretted  hydrogen)  through  a  solution 
of  mercvy  in  an  acid.  The  precipitate  which  will  appear  is 
the  stilphivet  in  question. 

2.  Solphuret  of  mercury  is  a  black  powder,  which  re*  Deaeribeti. 
xnaios  mudtered  in  the  air.  When  exposed  to  heat,  it  emits 
sii^ihiireous  fumes.  It  is  ifv3oluble  in  nitric  acid,  biit  dis- 
solves in  a  solution  of  potash;  from  which  it  may  be  preci- 
pitated unchanged  by  acids.  It  is  composed  of 

Mercury       200 
Sulphur  16 

216 
3.  This  sulphuret  has  been  used  in  medicine,  as  an  alter-  Its  medical 
ative,  in  glandular  and  cutaneous  diseases.    But,  without  ^^*' 
doubt,  no  effects  can  be  expected  from  its  use,  which  are 
not  more  certainly  produced  by  other  preparations  of  mer- 
cDiy. 

BISULPHURET  OF  MERCURY. 

Common  names^   Cinnabar, — Vermilion, 

\m  Bisulphuret  of  mercury  may  be  obtained  by  subliming  ^  Bisai- 
tfae  simple  sulphuret  at  a  red  heat.    The  sublimed  product  P^"'^^- 
coostitutes  this  sulphuret. 

2.  It  is  a  tasteless  insoluble  substance  of  a   fine  scarlet  Properties. 
colour.  It  is  not  altered  by  exposure  to  air.    When  heated 

it  takes  fire  and  bums  with  a  blue  flame.  When  in  the 
form  of  a  very  fine  powder,  it  is  known  in  commerce  by  the 
name  of  vermilion.  It  is  composed  of 

Mercury        200 

Sulphur  32 

232. — Accordingly  it  con- 
tains twice  as  much  sulphur  as  the  simple  sulphuret. 

3.  Bisulphuret  of  mercury  was  formerly  much  more  em-  Useii  in 
ployed  in  medicine  than  at  present.  It  is  sometimes  used  in  ™«<^»«"®- 
fumigations  for  venereal  ulcers  of  the  nose  and  throat;  and 

most  usually  produces  a  very  prompt'  ptyalism. 

X.  Mercury  combines  with  most  of  the  metals.  These  Amalgam 
combinations  are  called  amalgams.  Only  two  of  them  will  be 
mentioned. 


lOS 
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Book  L        1*  The  amalgam  of  zinc,  composed  4>f  two  paita  of  zinc, 

DivMinBl  and  five  parts  of  mercury,  is  found  useful  for  promoung  the 

of  sino:       czcitement  of  electrical  machines. 

oftio.  2.  The  amalgam  of  tin  is  used  for  silvering  the  backs  of 

looking  glasses.  The  process  is  as  follows:  tin  foil  is  spread 
upon  a  marble  table,  and  mercury  poured  upon  it,  and  in- 
corporated with  a  brush.  The  plate  of  glass,  to  be  silvered, 
is  then  slid  over  the  amalgam,  so  as  to  prevent  the  presence 
of  air  between  it  and  the  metal;  and  pressed  down  by 
weights.  The  superfluous  mercur^  is  thereby  pressed  out 
from  under  the  plate;  and  by  continuing  the  pressure  for  a 
certain  length  of  time,  a  thin  layer  of  llie  tin  amalgam  ad- 
heres to  the  surface  of  the  glass. 

Merearf,       XL  From  what  has  already  been  said  of  some  of  its  com- 
•***JJ?**l!I!I.'   pounds,  it  is  very  evident  that  mercury  constitutes  one  of 

in  the  mate- ■V  •  .  •         ,•    i  ^    .  •-  w        i_ 

m  medica.  the  most  important  articles  ot  the  materia  medica.  In  the 
progress  of  the  work,  however,  several  other  important 
preparations  of  this  metal  will  be  noticed. 


SECTION  XIIL 

OF   SILVER. 

surer,  kow      I.  SiLVER  may  be  obtained  pure  by  the  following  pro- 
obuioed     cess:  Dissolve  the  silver  of  commerce  in  nitric  acid,  and. 
precipitate  the  solution  by  chloride  of  sodium  (common 
salt).  Ignite  the  precipitate,  after  being  washed  and  dried, 
with  three  times  its  weight  of  carbonate  of  potash  (salt  of 
tartar),  mixed  with  a  little  charcoal  powder.    A  button  of 
pure  silver  will  be  obtained. 
How  found.      II.  This  metal  is  found  in  the  state  of  alloy,  with  gold, 
antimony,  arsenic  and  bismuth;  as  a  sulphuret;  in  the  form 
of  oxide,  called  red  silver  ore;  in  the  form  of  a  chloride 
(horn  silver);  and  combined  with  carbonic  acid.    It  occurs 
in  Bohemia,  Norway  and  Transylvania.  But  by  far  the  most 
productive  mines  of  silver  are  those  of  South  America. 
Howex*         III*  The  most  usual  method  of  extracting  silver  is  the 
tt^rted       following:  The  ore  is  first  pounded,  then  roasted  and  wash- 
ores,  ed,  and  afterwards  triturated  with  mercury  under  water. 
An  amalgam  of  silver  becomes  in  this  way  formed,  which 
is  washed  and  strained  through  leather.  It  is  then  subjected 
to  distillation;   whereby  the  mercury  is  dfiven  ofl*  and  the 
silver  left  pure. 
Properties       IV.  Silver  has  a  white  colour  with  a  tint  of  yellow.  It 
o^Mver.     has  no  taste  or  smell.  It  possesses  a  good  deal  of  brilliancy. 
Its  hardness  is  intermediate  between  that  of  copper  and  gold. 


8ILVEB.  jQg 

It  if  mnarkaUhr  malkable  and  ductile.  In  the  air  it  suffers  Csaf.iil 
a  carniah^  which  is  ascertained  to  be  produced  by  sulphur.  " 

Its  melting  point  is  at  22®  of  Wedgewood.  When  subjected 
to  die  heat  produced  by  the  combustion  of  a  stream  of  oxygen 
nd hydrogen  gases,  it  bums  rapidlv  with  alight  blue  flame. 

V.  Silver  is  about  ten  and  a  hair  times  as  heavy  as  water.  Spee.  mT. 

VI.  Silver  combines  with  oxygen  in  one  fM'oportion  only»8i|^r 
and  forms  oxide  of  silver.  fbrmi  bot 

1.  It  may  be  obtained  by  dissolving  silver  in  nitric  acid,  ^*  ^^'^^ 
ad  precipitating  the  solution  by  lime  water.  The  precipi* 

tite  obt»ned  consists  of  this  oxide. 

2.  Oxide  of  silver  is  a  tasteless  insoluble  powder  of  a 
dark  olive  brown  colour.  It  dissolves  readily  in  nitric  acid. 
When  heated  to  redness,  it  is  deoxidized  and  reduced  to 
the  metallic  state.  It  is  composed  of 

Silver  110 

Oxygen  8 
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VII.  Silver  combines  with  chlorine  and  forms  chloride  «nd  but  one 
ofsUvcr.  •*^***"«- 

1.  Chloride  of  silver  (muriate  of  silver),  formerly  called 
horn  siher^  may  be  obtained  by  dissolving  silver  in  nitric 
acid,  and  adding  the  solution  thus  formed  to  a  solution  of 
chloride  of  sodium  (common  salt).  A  precipitate  appears 
which  consists  of  this  chloride.  After  it  is  separated,  what 
rtmains  is  a  solution  of  nitrate  of  soda. 

2.  Chloride  of  silver  is  a  white  substance,  very  insoluble  Propenict 
in  water.  When  exposed  to  the  air,  it  acquires  a  purple  co-  ^^*  ***'®' 
lour.  At  a  heat  of  500^  it  melts;  and  upon  cooling,  assumes 

the  form  of  a  grey  semi-transparent  mass,  having  some  re- 
semblance to  horn.  It  is  soluble  in  ammonia  and  in  hydro- 
chloric (muriatic)  acid.  Both  potash  and  soda  in  the  state 
of  carbonates  produce  its  decomposition;  but  in  the  pure 
ttate,  have  no  effect  upon  it.  None  of  the  acids  are  capa- 
ble of  effecting  its  decomposition.  When  dissolved  in  am- 
monia»  and  mixed  with  running  mercur>',  the  silver  gradually 
combines  with  the  latter,  and  crystallizes  into  that  beau- 
tiful appearance,  called  Arbor  Dianae  or  Diana's  tree.  The 
ammoniacal  solution  of  this  chloride  when  heated,  deposites 
a  powder,  which  is  oxide  of  silver  combined  with  ammo- 
nia. This  powder  has  the  property  of  detonating  when 
stniik,  and  is  hence  called  fulminating  silver. 

3.  Chloride  of  silver  is  composed  of 

Silver  110 

Chlorine  36 

U6 
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B6<«L        Vni.  Iodide  df  stlrer  may  be  obtained  by  dttyppiiip  an 
Pi^i"w>^'  hydriodate  into  a  sdlutiim  of  nitrate  of  silver^  The  hydrio- 
icMikle  of     die  aeid  id  decomposed;  its  iodine  combines  with  the  silver, 
^^^'        so  a»  to  form  the  iodide  in  question;  while  its  hydrogen 
combining  with  the  oxygen'  of  the  oxide  of  silver,  forms 
water.  It  is  an  insoluble  substance  of  a  greenish-ydlow  co- 
lour,  having  considerable  resemblance  to  chloride  of  silver. 
Ptioiplra-        IX.  Phosphuret  of  silver  m^  be  formed  by  meking  to- 
'^''  gether  equal  parts  of  silver  and  phosphoric  acid,  along  with 

one-eighth  of  their  weight  of  charcoal.  The  phosphoric  acid 
parts  with  its  oxygen  to  the  charcoal;  and  thus  reduced  to 
phosphorus,  combines  with  the  silver.  It  is  a  solid  sub- 
stance of  a  white  colour  and  granular  texture.  It  is  decom- 
posed by  heat;  the  phosphorus  exhaling  in  fumes* 
Suipharec.  X.  Sulphuret  of  silver  may  be  formed  by  melting  toge- 
ther thin  plates  of  silver  and  sulphur,  laid  alternately  in  a 
crucible.  It  occurs  native  of  a  deep  violet  colour.  It  is  much 
more  fusible  than  silver.  It  is  composed  of 

Silver  1 10 

Sulphur  16 
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AII07  of  til-     XI.  The  only  alloy  of  silver  with  metals  already  describ- 
^Ipe^     ed,  which  will  be  noticed,  is  that  with  copper.  This  alUoy  is 
forma  sU.    harder  and  more  sonorous  than  silver.  It  is  white,  and  re- 
▼ercoin.     tains  that  colour,  even  when  the  proportion  of  copper  ex- 
ceeds one  half.   Its  hardness  is  greatest,  when  it  contains 
about  one  eighth  of  its  weight  of  copper.  Silver  coin  con- 
sists of  this  alloy.  The  proportion  of  copper  directed  by  dif- 
ferent nations  to  make  their  silver  standard  is  various*  The 
following  table  gives  the  proportion  of  pure  silver,  combin- 
ed with  one  part  of  copper,  in  the  silver  coin  of  several 
countries. 

COINS.  Purtf  of  pure  «ilvcr,  coidl 

Silver  coin  of  the  United  States, 8-3 

Britain, 12-3 

France, 9* 

Spain, s*7 


SECTION  XIV. 

OP  GOLD. 


«old;how       I.  Gold  may  be  obtained  pure  by  the  following  process: 

obumed     Treat  native  gold  with  aqua  regia,  untU  every  thing  soluble 

be  taken  up.  If  any  silver  had  been  pre8en^  it  remains  behind 


obtained 
pure 


GOLD.  Ill 

m  the  form  of  an  infloluble  chloride  (horn  silver).  Separate  chap.  iil 
the  dear  solution  from  this  residue,  and  add  to  it  a  solu-  - 

tioQ  of  sulphate  of  iron,  (green  vitriol):  a  precipitate  falls, 
which  consists  of  pure  gold.  After  being  separated  and 
washed,  it  may  be  fused  into  a  mass. 

II.  Gold  occurs  native,  only  in  combinatioi;!  with  other  How  foand, 
netals.  It  is  alloyed  by  silver,  copper,  and  sometimes  iron.  *^  where. 
In  Europe,  it  is  found  in  Hungar}',  Sweden,  Norway  and 
Ireland.  In  the  tropical  regions,  where  it  is  by  far  the  most 
^undant,  it  occurs  in  Africa  in  the  sands  of  rivers;  in 
South  America  and  in  India*  In  the  United  States,  it  has 
been  found  in  North  Carolina. 

IIL  To  separate  gold  from  earthy  or  sandy  matters,  with  How  aep*. 
which  it  may  be  mixed,  in  the  form  of  grains,  in  nearly  a  2|Sl/'©on- 
pure  sutc;  the  method  is  to  reduce  the  auriferous  earth  to  uining  it 
coarse  powder,  and  afterwards  to  place  it  upon  a  cloth  with 
a  long  nap,  where  it  may   be  subjected  to  the  action  of  a 
stream  of  water.  By  this  management,  the  greater  part  of 
the  earthy  and  sandy  particles  are  washed  away;  while  those 
of  the  gold,  by  reason  of  their  greater  weight,  remain  be- 
hind entangled  in  the  cloth.  The  particles,  thus  obtained,  are 
disengaged  from  the  cloth,  and  further  purified  by  agitation 
with  water;  this  acts  by  suspending  the  lighter  particles, 
which  may  be  drawn  off  from  those  which  remain  at  the 
boccom.   When  the  gold  particles  are  brought  to  this  state 
of  purification,  they  are  triturated  with  mercur}'  in  an  iron 
vessel  containing  boiling  water.    An  amalgam  of  gold  is 
thereby  formed;  but  it  is  still  mixed  with  earthy  matters. 
These  may  be  separated  by  farther  washings;  and  finally  by 
laying  the  whole  mass  upon  an  inclined  surface;  from  which 
the  amalgam  may  be  made  to  run  by  a  little  stirring,  leaving 
the  impurities  behind.  After  the  amalgam  is  thus  obtained 
b  a  pure  state,  it  is  subjected  to  distillation;  whereby   the 
mercur}'  is  driven  off  in  the  state  of  vapour,  and  the  gold 
is  left  behind.   If  it  contain  silver  as  it  usually  does,  this 
metal  may  be  separated  by  subjecting  it,  in  very  thin  leaves, 
to  the  action  of  nitric  acid.  This  acid  dissolves  the  silver 
and  leaves  the  gold  untouched. 

IV.  Gold  is  a  soft  metal  of  a  fine  light  yellow  colour.  It  Properties 
is  destitute  of  taste  or  smell.  Its  lustre  is  very  considerable.  ^^  8***^- 

It  is  the  n\pst  malleable  and  ductile  of  all  the  metals.  In  the 
air  or  immersed  in  water,  it  does  not  lose  its  lustre,  and 
is  not  in  the  least  affected  by  these  fluids.  When  subjected 
to  a  heat  of  32®  of  VVedgewood,  it  fuses  and  assumes  on  the 
surface,  a  bright  bluish  green  colour. 

V.  Next  to  platinum,  it  is  the  heaviest  substance  known;  Spee.  grav. 
being  more  than  nineteen  times  as  heavy  as  water.  ^^'^' 
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Book  l       VI«  Gold  combines  in  two  proportaom  with  ozygen,  and 
DjTjiton  I.  forms  protoxide  and  peroxide  of  gold. 
CoW  femt     1.  Protoxide  of  gold  may  be  obuined  by  exposing  pcr- 
iTpratoi^  hydrochlorate  (permuriate)  of  gold  to  heat,  until  it  ceases 
ide.  to  give  out  chlorine.  The  chlorine  appears  in  consequence 

of  the  decomposition  of  part  of  the  hydrochloric  acid;  the 
corresponding  hydrogen  of  the  same  acid  combines  with  part 
of  the  oxygen  of  the  peroxide,  so  as  to  reduce  it  to  the  state 
of  protoxide;  and  thus  the  perhvdrochlorate  becomes  a  simple 
hydrochlorate.  When  causUc  potash  is  added  to  this  hydro- 
chlorate,  it  throws  down  the  protoxide  in  the  form  of  a 
powder. 
It!  proper-  2.  This  oxide  is  of  a  green  colour.  In  a  very  short  time 
^^  it  becomes  separated  into  two  parts.  Two  thirds  of  it  are 

reduced  to  the  metallic  state;  the  oxygen  from  which,  com* 
bining  with  the  other  third,  converts  it  into  peroxide.  It  b 
composed  of 

Gold  200 

Oxygen  8 

208 
3.Peroacide      1.   Peroxide  of  gold  may  be  formed  by  dissolving  the 
metal  in  a  mixture  of  one  part  of  nitric  acid,  and  four  parts 
of  hydrochloric  (muriatic)  acid;  and  treating  the  heated  so- 
lution by  potash.    A   precipitate  gradually  appears,  which 
must  be  washed  carefully  and  dried;  it  consists  of  the  per- 
oxide in  question. 
It!  proper-      2.  This  peroxide  is  a  tasteless  reddish  brown  powder;  in- 
^'*  soluble  in   water,  but  dissolving  readily  in  hydrochloric 

(muriatic)  acid.  A  very  moderate  heat  drives  off  its  oxygen 
and  reduces  it  to  the  metallic  state.  It  is  composed  of 

Gold  200 

Oxygen  24 

224— From  these  num- 
bers, it  is  evident  that  this  oxide  contains  three  times  as 
much  oxygen  as  the  protoxide. 
Its  medioal      S.  Peroxide  of  gold,  as  well  as  several  other  compounds 
*"*■•  of  this  metal,  has  been  recommended  by  a  French  writer 

for  the  cure  of  the  venereal  disease.  But  it  is  believed  that 
the  subsequent  trials  of  the  preparations  of  the  metal  have 
not  confirmed  the  reports  made  in  its  favour. 

Chloride  of     VII.   Chloride  of  gold  may  be  formed  by  heating  the 
Sold.  metal,  in  a  state  of  minute  division,  in  chlorine  gas.  It  is  a 

brown  substance.  When  exposed  to  the  air,  it  decomposes 
moisture,  and  is  converted  into  perhydrochlorate  (permu- 
riate) of  gold. 

VIII.  Phosphuret  of  gold  may  be  formed  by  fusing  to- 
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gedicr  in  a  crucible  one  part  of  gold  and  two  parts  of  dry  Craf.  hi. 
pboiphoric  acid,  surrounded  by  charcoaL  It  ia  a  very  brittle 
sofaatancc  of  a  much  paler  colour  than  gold* 

IX.  Sulphuret  of  gold  cannot  be  formed  by  fusing  to-  Suiphoret. 
gcdicr  its  constituents;  but  if  hydrosulpbate  of  potadi  or 

of  soda  be  dropped  into  a  solution  of  gold,  this  sulphuret 
Us  in  the  form  of  a  precipitate.  It  has  a  black  colour* 

X.  Gold  combines  with  the  majority  of  the  other  metals;  AII07  of 
but  the  only  combinations  of  this  kind,  which  will  be  men-  ^^  '^'*^'' 
tioned  here,  are  those  with  copper  and  mercury.  tSKw^  ^ 

1*  The  alloy  of  gold  and  copper  is  easily  formed  by  fu-  fbrmt  goki 
tton.  The  copper  increases  the  hardness,  without  injuring 
the  colour  of  the  gold.  When  gold  is  prepared  for  coining, 
it  is  alloyed  either  with  this  metal,  with  silver,  or  with  a 
nizture  of  both.  The  gold,  if  coined  perfectly  pure,  would 
be  too  soft  for  the  purposes  of  money.  The  quantity  of  aUoy- 
b;  metal,  which  enters  into  the  composition  of  the  gv>ki 
coin  of  the  United  States,  Britain,  France  and  Spain,  may 
be  seen  by  the  following  tiible.. 

PlMta0fp«i«to1i,< 


eoin. 


w\ik  ant  pvc 
vitMajimg  mttO. 

Gold  coin  of  the  United  States  contain       •  11    ' 

*■  Britain 11 

*■  France 9  nearly. 

^  Spain         ••*....         5*5  nearly. 

Gcrfdsmiths,  to  express  the  purity  of  gold,  suppose  its 
alloys  to  br  divided  into  24  equal  parts,  which  they  call  carats; 
and  the  pure  gold  is  expressed  in  24tlt  parts.  Thus  gold 
said  to  be  20  carats  fine,  contains  l^ihs  of  pure  gold  and 
T^-hs  of  alloying  metal.  If  gold  is  said  to  be  24  carats  fine, 
it  must  be  perfectly  purt  gold. 

2.  The  amalgam  of  gold  is  ustd  in  some  of  the  methods  Amalgam 
of  gilding.   SiWer,  brass  and   copper  may  be  gilded  by  it. '^^^^l'^ 
The  process  consists  in  applying  with  a  brush,  a  thin  layer giiiincr 
of  the  amnlgam,  upon  the  metal  to  be  gilded,  and  then  ex- 
posing it  to  the  htat  of  a  charr.onl  fire.     Ph.?  mercury  is  in 
this  way  volatilized,  and  a  ttim  layer  01  gjid  remauis  cover- 
ing the  metal. 


o* 


SECTION  XV. 

OF  PLATINUM. 

I.  Platinum  may  be  obtained  pure  by  the  following  pro-  Platinum; 
cess:  Dissolve  the  South  American  or:-  in  aqua  regia,  and  *•?"*  „'^***^ 
precipitate  the  solution  by  h\  drochlorate  of  ammonia  (sal 

P 
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BaoK  I.    ammoniac).  Dissolve  the  precipitate  in  aqua  regia  also,  and 
Divhion  I.  precipitate  again  by  hydrochlorate  of  ammonia.  The  pro- 
duct of  the  second  precipitation,  when  heated  to  whiteness, 
is  pure  platinum. 
Where  II.  Platinum  has  been  found  heretofore  only  in  Spain; 

fouiMi.        2p^  Jq  three  places  in  South  America.  Its  localities  in  South 
America  are,  near  Choco  in  Peru,  at  Santa  Fe  in  New 
Granada,  and  in  a  district  in  the  Brazils.  It  is  usually  al- 
loyed by  a  number  of  metals, 
itsdiscore-      HI*  This  metal,  in  its  impure  state,  was  first  noticed  in 
^y-  1741.  Nothing,  however,  was  ascertained  of  its  properties, 

until  Dr.  Lewis  published  his  papers  on  it,  in  the  Philoso- 
phical Transactions  for  1754. 
Properties       IV.  Platinum  is  a  white  metal,  possessing  considerable 
of  pUtioum  brilliancy;  but  inferior  in  this  respect  to  silver.  Its  hardness 
is  intermediate  between  that  of  copper  and  iron.  It  is  very 
ductile  and  malleable;  possessing  these  qualities  in  a  greater 
degree  than  any  other  metal,  except  gold.   It  is  one  of  the 
most  infusible  metals.  It  is  not  in  the  slightest  degree  alter- 
ed by  exposure  to  air  or  immersion  in  wat^.  It  is  capable 
of  being  welded  at  a  white  heat.  It  may  be  made  to  bum 
by  subjecting  it  to  the  intense  heat,  produced  by  the  com- 
bustion of  a  stream  of  oxygen  and  hydrogen  gdses. 
Spec.  grav.     V.  It  is  the  heaviest  body  known,  being  about  twenty- 

si'i7.     one  and  a  half  times  as  heavy  as  water. 
Platinum        VI.  Platinum  combines  in  two  proportions  with  oxygen, 
^"^i?*  ^^^  *°^  forms  protoxide  and  peroxide  of  platinum. 

1.  Protox-  1*  Protoxide  ofjflatinum  may  be  obtained  by  dropping  a 
>(le.  solution  of  mercury,  into  a  dilute  solution  of  hydrochlorate 

(muriate)  of  platinum  in  hot  water.  A  powder  precipitates, 
which  is  a  mixture  of  protochloride  of  mercury  (calomel) 
and  this  oxide  of  platinum.  Expose  this  powder  to  a  heat 
just  sufficient  to  volatilize  the  protochlorid(;  what  remains 
will  consist  of  the  protoxide  of  platinum  in  a  state  of  ptirity. 
It  is  in  the  form  of  a  powder  of  a  deep  black  colour. 

2.  Peroxide      2.  Peroxide  of  platinum  may  be  formed  by  decomposing 

sulphate  of  platinum,  by  pure  potash  added  in  excess.  A 
precipitate  appears,  which  must  be  heated  to  separate  some 
water.  It  is  then  pure  peroxide  of  platinum.  Its  colour  is 
dark  brown;  when  exposed  to  a  high  temperature  it  is  re- 
duced to  the  metallic  state.  It  dissolves  in  potash  and  soda, 
and  in  their  carbonates. 

Platinum  VII.  Platinum  combines  in  two  proportions  with  chlorine, 
**rtSoohio.  ^^^  forms  protochloride  and  perchloride  of  platinum.  The 
lide  and  a   protochloride  is  merely  known  to  exist;  its  properties  or 

composition  have  not  been  ascertained.  The  perchloride  will 

be  noticed  in  the  following  paragraphs. 


PLATINUIf.  1 1^ 

U  Ferchloride  of  platinum  may  be  (ormed  by  boiling  the  Chap,  hi 
oelal  in   strong  hydrochloric  acid,  adding  occasionally  a  "pepciiio- 
fittk  nitric  acid.  The  solution  is  to  be  evaporated  to  dryness,  ride. 
nd  the  dry  mass  digested  in  a  little  hydrochloric  acid; 
vhich  also  is  to  be  driven  off.  The  dried  residue  is  to  be 
CMUioualy  heated  to  redness,  and  afterwards  boiled  in  a 
considcmble  quantity  of  water.  Being  separated  and  dried, 
it  is  pure  perchloride  of  platinum. 

3.  This  chloride  has  a  dull  olive  brown  colour.  It  is  in- 
fusible and  scarcely  soluble.  It  is  not  altered  by  exposure 
to  air.  When  exposed  to  a  red  heat,  it  exhales  chlorine,  and 
is  reduced  to  the  metallic  state. 

VIII.  Platinum  combines  in  two  proportions  with  phos-  It  forms  a 
phorua,  and  forms  protophosphuret  and  perphosphuret  of 
platinum. 

1.  Protophosphuret  of  platinum  may  be  obtained  by  heat-  i»roto|>hcM- 
log  together  phosphorus  and  platiuum  in  an  exhausted  glass  v^^^^  *^^ 
tube.  At  a  temperature  below  redness,  they  combine  with 

mid  ignition  and  flame.  It  has  a  bluish-grey  colour,  and 
a  destitute  of  taste  oc  smell. 

2.  Perphosphuret  of  platinum  may  be  formed  by  heating  perphos- 
kfdrochlorate  of  platinum-and-ammonia,  (ammonio-muriate  I'hurLt. 
(^platinum),  with  two-thirds  its  weight  of  phosphorus,  in  a 

small  retort  over  mercury.  After  the  union  has  taken  place, 
the  whole  must  be  exposed  to  a  dull  red  heat  to  expel  every 
thing  volatile:  what  remains  will  consist  of  this  perphos- 
phuret. It  is  a  tasteless  inodorous  substance  of  an  iron- 
grey  colour. 

IX.  Platinum  appears  capable  of  forming  three  sulphu-  pintinum 

l^l2,  fnnns  three 

1.  Protosulphuret  of  platinum  may  be  formed  by  heating '"  ^  ^^^'' 
together  equal  weights  of  platinum  and  sulphur,  in  an  ex- 
hausted glass  tube;  and  afterwards  exposing  the  mass  form- 
ed, nearly  to  a  red  heat,  to  drive  off  every  thing  vaporizable. 

It  is  a  tasteless  and  inodorous  substance  8i  a  dull  bluish- 
grey  colour. 

2.  Drutosidphuret  of  platinum  may  be  obtained  by  pre- 
cipitating platinum  from  solution,  by  means  of  hydrosulphu- 
ric  acid  (sulphuretted  hydrogen).  The  precipitate  obtained 
must  then  be  heated  in  a  close  vessel.  It  is  a  tasteless  pow- 
der of  a  bluish  black  colour. 

3.  Persulphuret  of  platinum  may  be  obtained  by  exposing 
a  mixture  of  three  parts  of  ammonio-hydrochlorate  (ammo- 
nio-muriate) of  platinum,  and  two  parts  of  sulphur  to  a  heat 
gradually  increased  to  redness,  and  continued  at  that  tem- 
perature, until  every  thing  volatile  is  driven  off.  This  sul- 
phuret  has  a  dark  iron-grey  colour.    It  is  not  fusible  when 
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Book  L   espoied  to  a  constderable  heat  m  dose  vetad^  but  wheo 
^^^^^^•*^''  subjected  to  a  red  heat  m  the  open  air,  it  is  decomposed; 
the  sulphur  is  dissipated,  and  the  pbtinnm  is  left  beUnd  in 
the  metallic  state. 
Aiiojiof        X.  The  alloys  of  plattmim  have  not  as  yet  been  applied 
pUtinam.    ^  j^y  useful  purposc,  if  that  with  copper  be  excepted.  This 
alloy  has  been  employed,  with  advantage,  for  forming  the 
mirrors  of  reflecting  telescopes.    Platinum  itself  may  be 
considered  useful  in  every  case,  in  which  hard  and  indes- 
tructible metallic  substance  is  required. 
Piaiinam        XL  Platinum,  in  solution  in  aqua  regia  and  combined 
efne.      *'  •  ^^^^  soda,  has  been  empoyed,  with  seeming  advantage^  in 
some  cases  of  syphilis. 


SECTION  XVI. 

OF  PALLADIUM. 

h*'"**'btl?*    ^''  Palladium   may  be  obtained  pure  by  dissolving 
eu^u.  •  "crude  piacina  from  South  America  in*  aqua  regia,  and  pre- 
cipitating the  solution,  by  means  of  a  solution  of  cyanoaide 
(prusaiace)  of  mercury.  Ths  precipitate  thus  obtained,  after 
being  washed,  dried  and  exposed  to  a  strong  heat,  is  con- 
verted into  pure  palladium. 
Found  in        II.  Palladium  is  one  of  the  peculiar  metals,  which  have 
Sm!*  ****"   ^^^^  detected  in  the  crude  platina  of  South  America.  It 

was  discovered  in  1803  by  Dr.  Wollaston. 
Its  proper-      II !•  Palladium  is  white,  and  susceptible  of  being  polish- 
tiet.  ed.  It  is  somewhat  harder  than  wrotight  iron.   It  possesses 

some  malleability.  It  undergoes  no  alteration  in  the  air.  It 
is  extremely  infusible:  in  the  highest  heats  that  can  be  rais- 
ed, it  fuses  only  in  minute  portions.  When  fused  on  char- 
coal by  means  of  a  jet  of  oxygen,  it  was  made  to  boil,  and 
at  last  to  unde^^  combustion;  emitting  at  the  same  time 
brilliant  sparks. 
Spec.  grmv.  IV.  It  is  about  eleven  and  a  half  times  as  heavy  as  wateir. 
Fonm  but  Palladium  combines  with  oxygen  in  one  proportion 

one  oxide,  only,  and  forms  oxide  of  palladium.  It  may  be  obtained  by 
heating  palladium  filings  with  pure  potash,  mixed  with  a 
little  nitrate  of  potash  (nitre).  It  has  a  chcsnut-brown  co- 
lour. It  is  composed  of 

Palladium       56 
Oxygen  8 

64 
Chloride  of      VI.  Chloride  of  palladium  may  be  formed  by  the  agency 
palladium,  of  heat.  Its  properties  have  not  been  examined. 


VII*  Siilpharet  of  priladium  may  be  fcfied  by  tllrowing  Cma».iil 
sulphur  upon  strongly  heated  palladium.  Tbe  metal  immc- sSiSmT 
diiidy  emera  iaio  a  state  of  fusion,  and  the  unkm  takes 
ilice*  It  is  very  brittle^  and  rather  paler  than  palladium. 


SECTION  XVII. 

OP  RHODIUM.* 

I.  Rhodium  may  be  obtained  by  the  following  process:  Rbodhimi 
Subject  crude  platina  to  the  action  of  aqua  rcgia,  as  long  as ^dpar^ 
diis  mensiraum  dissolves  any  thing.    Separate  the  black 
powder,  which  will  be  found  to  have  resisted  the  action  of 

tbe  aqua  regia;  and  to  the  clear  solution,  add  a  solution  of 
hydrochlorate  of  ammonia  (sal  ammoniac):  this  addition 
win  throw  down  nearly  all  the  platinum.  After  separating 
dris  precipitate^  immerse,  into  the  clear  solution,  a  rod  of 
zinc:  this  metal  throws  down  rhodium,  conuminated  with 
copper,  lead,  platinum  and  palladium,  in  the  form  of  a  black 
powder*  By  submitting  this  powder  to  the  action  of  diluted 
fiitric  acid,  the  copper  and  lead  will  be  dissolved;  while  the 
other  metab,  which  it  contains,  will  remain  untouched. 
What  is  left  after  the  action  of  the  nitric. acid  is  then  dis- 
loived  in  aqua  regia,  and  chloride  of  sodium  (common  salt) 
added  to  the  solution.  The  whole  is  then  evaporated  to  dry- 
ness; and  the  mass  obtained  will  consist  of  the  oxides  of 
rhodium,  platinum  and  palladium  in  combination  with  the 
cUoride  of  sodium.  The  oxides  of  platinum  and  palladium, 
in  this  state  of  combination,  are  soluble  in  alcohol;  whereas 
the  oxide  of  rhodium  is  insoluble.  By  washing  the  mass, 
tlierefore,  repeatedly  in  alcohol,  the  oxides  of  platinum  and 
palladium  are  removed;  so  that  nothing  remains  but  oxide 
of  rhodium  in  combination  with  chloride  of  sodium.  Dis- 
solve this  residual  compound  in  water,  and  place  in  the 
solution  a  rod  of  zinc:  this  metal  throws  down  the  rhodium 
m  the  form  of  a  black  powder,  which  may  be  fused  into  a 
mass  along  with  borax. 

II.  Rhodium  has  been  found  only  in  the  crude  platina  FoomI  cmij 
from  South  America.   It  was  discovered  by  Dr.  WoUaston  "1 7^ 

m  1804. 

III.  Rhodium  is  a  britde  metal  of  a  white  colour;  and,  Ita  prober- 
excepting  perhaps  iridium,  next  to  be  described,  the  most^^ 
bfusible  of  the  metals.   It  has  the  distinguishing  property 

of  being  insoluble  in  all  the  acids. 

*  from  fUioff  ro&t-t6Unttdp  on  aeeount  of  tht  rad  eokmr  af  dilute  nlatkMu 
(ithe  niu  of  this  mctsl. 
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Book  I.       IV.  It  18  somewhat  more  than  ten  and  a  half  times  as 
DitMknL  heavy  as  water. 

Spee.  ffTAT.     V.  Rhodium  combines  in  three  proportions  with  oxygen. 

F«to***        1.  Protoxide  of  rhodium  may  be  obtained  by  exposing 

three  ox-    rhodium  in  powder,  in  an  open  vessel,  to  a  moderate  red 

idei.  heat.  It  is  a  black  substance,  which  is  insoluble  in  acids« 

When  heated  with  tallow,  it  deoxidizes  with  detonation.  It 

is  doubtful  whether  this  oxide  enters  into  the  composition 

of  any  salt. 

2.  Deutoxide  of  rhodium  may  be  formed  by  heating  the 
metal,  in  powder,  with  a  mixture  of  potash  and  nitrate  of 
potash  (nitre),  and  exposing  the  resultiug  mass  to  the  action 
of  sulphuric  acid.  This  acid  dissolves  off  the  potash;  and 
what  remains  consists  of  the  oxide  in  question.  It  has  a 
brown  colour.  It  does  not  enjoy  the  property  of  a  salifiable 
base. 

3.  Peroxide  of  rhodium  may  be  prepared  by  precipitating 
the  compound  of  oxide  of  rhodium  and  chloride  of  sodium 
(soda-muriate  of  rhodium),  by  potash,  and  exposing  the 
precipitate  obtained  to  heat.  It  has  a  red  colour.  It  is  this 
oxide  which  is  present  in  the  salts  of  oxidized  rhodium. 


SECTION  XVIII. 

OF  IRIDIUM/ 

Iridiam;  I.  IRIDIUM  may  be  obtained  pure  by  the  following  pro- 

how  obtain-  ^^gg.  Expose  the  black  powder,  which  remains  undissolved 
by  the  action  of  aqua  regia  upon  crude  platina,  mixed  with 
five  times  its  weight  of  pure  soda,  in  a  silver  crucible,  to  a 
red  heat  for  half  an  hour.  Subject  the  resulting  mass  to  the 
action  of  water,  in  order  to  dissolve  off  the  soda.  Treat  the 
residue  alternately  with  hydrochloric  (muriatic)  acid  and 
potash,  until  it  becomes  totally  dissolved:  by  the  action  o( 
the  potash  a  peculiar  metal  is  separated,  which  will  be 
described  in  the  next  section;  that  part  of  the  residue,  how- 
ever, which  dissolves  in  the  hydrochloric  acid,  consists  o( 
iridium.  Evaporate  the  acid  solution  to  dryness;  and,  in 
order  to  get  rid  of  some  osmium,  dissolve  the  dry  mass  in 
hydrochloric  acid,  and  evaporate  the  solution  until  it  crys- 
tallize. The  crystals,  thus  obtained,  will  consist  of  hydro- 
chlorate  (muriate)  of  iridium.    Expose  them   to  a  high 


*  From  irii,  the  raiobow;  oo  acooont  of  the  remarkable  ▼aricty  of  eoloan 
whieh  thia  metal  ezhibiu  b  tolutiMii. 


OSMIUM. 
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teapentlire  in  a  phtinum  crucible;  the  acid,  and  the  oxygen  CHAr.  m. 
of  the  oxide  are  driven  off;  so  that  nothing  will  remain  but 
pare  iridiuou 

IL  Iridium  was  discovered  in  1803,  about  the  same  Foand  ooly 
liae,  by  Tenoantand  Descotils.  It  exisu  only  in  the  crude  ^j^^J^^ 
jibtiiui  of  South  America. 

III.  Iridium  is  a  brittle  metal  of  a  white  colour.  It  is  Its  proper- 
die  most  infusible  metal  known.  It  resists  the  action  of  aU^^ 
•dvents  except  aqua  regia;  and  this  last  makes  but  a  slight 
iapresaioD  upon  it. 

IV.  At  a  mean,  it  is  about  nineteen  times  as  heavy  as  Spee.  gnv. 
wier.  "•«• 

V.  Judging  from  the  phenomena,  which  attend  the  solu-  SappoMd 
tion  of  iridium  in  hydrochloric  (muriatic)  acid,  it  would  ^^uiSl  ^^ 
ippcar  that  this  metal  is  capable  of  forming  two  o»des;  but 
noduog  is  known  of  their  individual  properties. 


SECTION  XIX. 

OF  OSMIUM.* 

I.  OsMiirx  may  be  obtained  by  the  following  process:  Oimiam; 
Distil  the  black  powder  obtained  from  crude  platina,  mixed  Jj  pare^"' 
with  nitrate  of  potash  (nitre),  at  a  low  red  heat:  the  potash 
of  the  nitrate  combines  with  the  osmium  jn'esent  in  the 
black  powder;    and,   from  this  combination,  allows  it  to 
sublime   in  the  state  of  oxide.    Dissolve  the  oxide   thu& 
obtained  in  water,  and  agitate  the  solution  along  with  mer- 
ciuy:  the  oxide  becomes  reduced  to  the  metallic  state,  and 
forms  a  combination  with  mercury.  By  distilling  this  amal- 
gam, the  mercury  is  driven  off    in   the  state  of  vapour, 
while  the  pure  osmium  remains  behind. 

II.  Osmium  was  discovered  by  Tennant  in  1804.    Like  Found  onij 
die  two  metals  last  described,  it  has  been  found  only  in  the  pi^^|[^ 
crude  platina  from  South  America. 

III.  Osmium  has  a  dark-blue  colour,  and  the  metallic  lu  proper, 
lostre.    When  exposed,  in  close  vessels,  to  a  white  Heat,  it  ^^' 
does  not  melt  or  undergo  any  change;  but,  when  heated  in 

die  open  air,  it  becomes  oxidized,  and  evaporates  with  a 
peculiar  smell,  resembling  that  of  chlorine.  After  being  ex- 
posed to  heat,  it  is  not  acted  upon  by  any  acid.  Its  weight, 
compared  widi  that  of  water,  has  not  been  ascertained. 


*  From  ocM*,  odour,  from  the  remtrkable  propert  j  of  this  raetal,  of  posicsting 

"nrwilMr  ndoup  in  afllntinn. 


t  pcvititr  odour  io  lohition 


190 


BASirUBLB  OOMIIUSTIBLES. 


B«oK  L-       IV*  Osmium  combines  in  one  proportion  only  wttho^f* 
DiYiAin  L  ggjj^  imj  forms  oxide  of  osmium. 

Formi  but       1*  This  oxide  may  be  formed  by  heating  osmium  in  thr 
one  aside,   open  air.  The  metal  combines  with  oxygen;  but  the  heit 
applied  volatilizes  the  oxide.   It  may  be  obtained  in  the 
solid  form  by  distilling  the  black  powder  of  crude  pladna 
with  nitrate  of  potash  (nitre),  as  mentioned  in  the  beginning 
of  the  present  section.   A  substance  sublimes,  which  coo- 
sists  of  the  oxide  in  question. 
Its  proper-      3*  Oxide  of  osmium,  obtained  by  the  last-mcntiooed 
tiM-  process,  when  cool,  is  a  solid  semi-transparent  mass.  Its 

solution  in  water  is  colourless,  and  has  a  sweetish  taate  md 
strong  peculiar  smcU.  It  does  not  alter  the  colour  of  vege* 
table  blues.  When  shaken  with  mercury,  it  loses  its  pecufaar 
smell,  the  osmium  becomes  deoxidized,  and  forms  an  amal* 
gam.  It  stains  the  skin  of  a  dark  colour.  It  is  precipitated 
by  all  other  metals,  except  gold  and  platinum;  the  osmium 
being  reduced  to  the  metallic  state. 

V.  Researches  into  the  compounds,  which  osmium  forma 
with  other  bodies,  have  not  been  made  to  any  extent.  Two 
or  three  alloys  have  been  formed;  but  these  are  too  unim- 
portant to  be  described. 


^  SECTION  XX. 

OP  TITANIUM. 

Tiuniam;       I*  TiTANiUM  may  be  obtained  by  the  followinc;  process: 
bow  obuin-  Fuse  the  mineral  called  titanite,  which  consists  of  oxide  of 
ed  pure,      titanium  nearly  pure,  with  five  or  six  times  its  weight  of 
carbonate  of  potash  (salt  of  tartar),  and  wash  the  mass  ob- 
tained until  every  thing  soluble  be  abstracted.   Digest  the 
residue  with  boiling  hydrochloric  (muriatic)  acid:  a  white 
powder  will  remain,  which  has  resisted  the  action  of  the 
acid;  it  consists  of  peroxide  of  titanium.  It  may  be  de- 
oxidized by  exposure  to  a  violent  heat,  mixed  with  oil,  in 
a  charcoal  crucible. 
Howfoand.      II*  Titanium  has  been  found  in  the  state  of  oxide,  either 
pure,  or  combined  with  iron,  or  with  silica.   It  occurs  in 
England,  Scodand,  France   and   Hungar).  In   the   United 
States,  it  has  been  found  in  Virginia,  in  the  state  of  oxide. 
Acconntof      HI*  Titanium  in  an  oxidized  state  was  first  obt<»ined,  in 
iudiscore-  1781,  by   Gregor,  from  a  mineral,  rttsembling  black   sand, 
^'  which  was  found  in  the  valley  of  Menachan  in  Cornwall, 

and  hence  called  menachanite.  Gregor  had  every  reason  to 


TTTAinnif.  ];2I 

kdkM  thit  dM  powder,  which  he  bid  disoomihd,  wiu  a  CsA^ra. 
■rtitlic  ostde;  but  he  was  anaUe  to  reduce  it  todtt  metalKc  """^^"■"^^ 
Mite.  In  1795,  Kfaqiroth  obtained  the  tame  powder  from 
the  nineral  called  red  schorl,  and  with  the  same  evidience 
tf  its  metallic  nature;  but  he,  like  Gregor,  in  vain  attempt- 
ed its  reduction.  In  1796,  however,  Vauquelin  and  Hecht 
tooceedcd  in  reducing  minute  portions  of  the  powder  to  the 
■etdlic  state.  Gregor  ought  nevertheless  to  be  consider- 
ed as  the  discoverer  of  this  metal;  since  the  last  mentioned 
diemisla  did  nothing  more  than  to  verify  his  original  opi- 
mon  rmectiog  its  oxide. 

IV.  TtCanium  is  a  very  britde  metal,  of  a  colour  resem-  Properties 
hling  that  of  copper.  It  possesses  considerable  lustre,  but  ''ti^*"*™- 
tmusbes  in  the  air.   It  is  extremely  infusible;  the  highest 

beat,  which  can  be  raised,  produces  its  fusion  but  imper- 
fectly. Its  specific  gravity  has  not  been  ascertained. 

V.  Titanium  combines  with  oxygen  in  three  proportions,  Tiunium 
aid  forms  protoxide,  deutoxide,  and  peroxide  of  titanium.  ^^^**'**' 

1.  Protoxide  of  titanium  may  be  formed  by  heating  titani- 
QB  m  the  open  air.  It  has  a  blue  or  purple  colour. 

S.  Deutoxide  of  titanium  has  a  red  colour.  It  constitutes 
die  mineral  called  red  schorl  or  titanite.  Its  hardness  is  suf- 
tcient  to  enable  it  to  scratch  glass.  When  heated,  it  becomes 
hown;  and  afterwards,  if  the  fire  be  urged  violently,  it  is, 
io  part,  volatilized. 

3.  Peroxide  of  titanium  may  be  obtained  ^  fusing  the 
deutoxide  with  four  times  its  weight  of  potash,  and  treating 
the  mass  obtained  by  water.  A  white  powder  will  remain 
behind,  which  consists  of  the  peroxide  in  question. 


Q 
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^       L    .   With  the  preceding  description  of  titaniimii  the  iccov 
^'■^*^'***^  of  the  undecompounded  poiulerabk  bocUes  is  oompleu 
They  Amount  to  51  in  number.  There  are 

4    supporters  of  combustion; 
1     incombustible,  and 
46*  combustibles* 


The  classification  of  these  bodUes,  pursued  in  the  presc 
worii:^  may  be  seen  in  the  following  uble. 


Cadmittm  tad  WodMioM  •!«  BOt  ktlodfld  in  Uib  eniimentiim. 
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TABLE. 
AaMMxnaoiMMT  or  the  UMSBOoMPOuifiiED  ronnnuBUB  qodiks. 


n. 


a 

m 

0 

a 

13 

< 
18 

g 

Q 
M 
Q 
% 

£ 

0 


1.  QiTgen. 

8.  ChloriDe. 

3.  Iodine. 

4.  yiuorine. 


1.  AioCe* 


II.  Addifitble 


r  1.  Carbon. 

S.  noran. 

3  Pbo«plionii. 

i.  Salphur. 

.    5.  Anmio. 

eombottiblet.  1    6.  Chromiam. 

7.  Molybdenum. 

8.  TungBten. 

9.  Colambiain. 
^10.  Sdeoiom. 

m.  Intermediate  C  1.  Antimony, 
eombnitiblet.  \  8.  TeUariam. 


m.  ComboitibletJ 


a.Bafiftable  eombuttiblei, 
ionningt  witb  osygen.  al>^ 
kaline  wlifiable  bMet;  or, 
alkalifiable  e<|^mitiblei. 


b.  Batifiable  combostiblet, 
forming,     witb     ozygen^^ 
eartbj  salifiable  batet. 


IV.  BaMfiable      ^ 
oombnttiblet. 


e.  Basifiable  eomboitiblea, 
forming^  with  oxygen,  sa- 
lifiable bases,  having  nei-< 
ther  alkaline  nor  earthy 
properties. 


I 


1.  Potassmm. 
8.  Sodium. 
S.  Lithium. 
4  Caleinm. 

5.  Barium. 

6.  Strontium. 

7.  Magnesium. 

1.  Yttrium. 

8.  Glueinum. 

3.  Aluminum. 

4.  Zirconium. 

5.  Thorinuro. 

6.  Silicum. 

f  1.  Iron. 
8.  Niekel. 

3.  Cobalt. 

4.  Manganese. 

5.  Cerium. 

6.  Uranium. 

7.  Zine. 

8.  Lead. 

9.  Tin. 

10.  Copper. 

11.  Bismuth. 
18.  Mercury. 

13.  Silver. 

14.  Gold. 

15.  PlaUnuro. 

16.  Palladium. 

17.  Uhodium. 

18.  Iridium. 

19.  Osmium. 
1.80.  Titanium. 
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CHAPTER  IV. 

AOCOUHT  OF  TUB  ARRANGEMENT  OF  THE  UNOECOMPOUNDBD 

PONDERABLE  BODIES. 

Thz  arraogement  of  these  bodies,  as  seen  by  die  tablci  Amuise- 
b  ID  many  respects  different  from  that  adopted  by  Dn  ^f^^^*^ 
Thomson;  although  founded  on  the  classification  of  this^J^^JJU^ 
author.  The  work  of  Dr«  Thomson  has  been  constantly  poMUraUe 
before  me;  and  I  do  not  know  whether  the  same  arrange-  ^|2J4ed«p. 
meot  wouM  have  occurred  to  me,  if  I  had  never  seen  his  onibttpw- 
s^item.  fie  that  as  it  may,  the  truth  is,  I  never  hesitated  to  g^j^' 
alter  his  arrangement;  when,  upon  careful  consideration,  a 
coaviction  was  felt,  that  the  alteration  would  tend  to  sim- 
plification and  precision.  In  short,  i  never  altered,  merely 
ht  the  sake  of  altering;  neither  did  I,  in  any  case,  give  up 
■y  mature  judgment,  merely  because  it  differed  from  that 
of  s  chemist  of  high  authority. 

In  as  concise  a  way  as  possible,  I  shall  take  notice  of  the 
akeratioos  which  have  been  made  in  Dr.  Thomson's  arrange- 
■cnt;  and  afterwards  mention  what  appear  to  be  the  prin- 
ci|«l  defects  of  the  classification,  as  it  stands  in  the  present 
work. 

The  arrangement  adopted,  in  its  primary  divaaions,  agrees  It  agrees 
vith  that  of  Dr.  Thomson:  the  imdecompounaed  pondera-  ^u||^'*'  > 
blc  bodies  are  divided  into  supporters  of  combustion,  in-  in  iu  primal 
combustibles,  and  combustibles.  nr  diTifloos. 

Dr.  Thomson  divides  the  combustibles  into  three  genera,  Dr.  Thon- 
ahich  he  defines  in  the  following  words.  JSLburt?** 

^^  I.  Bodies  forming  acids  by  uniting  with  the  supporters  Uesinto 
of  combustion  or  with  hydrogen."  ^J^  ge- 

^  II.  Bodies  forming  alkalies  or  basesy  capable  of  consti- 
tadng  neutral  salts  with  acids,  by  imiting  with  the  suppor- 
ters of  combustion.'^* 

^  III.  Bodies  producing  by  their  union  with  the  suppor* 
ten  of  combustion,  imperfect  acids,  or  substances  interme« 
djate  between  acids  and  alkalies."! 

As  introductory  to  the  account  of  the  third  genus.  Dr. 
Thomson  gives  the  following  distinguishing  characters  to 
the  bodies  included  under  that  head. 

^  The  substances  belonging  to  this  genus  may  be  consi- 
dered as  intermediate  between  the  nrst  and  the  second 


*  TbomMn'i  Cbenuttrj,  toI.  I.  p.  SSO.  t  ^^^-  P>  2Sl.^Ed.  1817. 
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BookL'   genus*   They  differ  from  those  of  the  second  genus,  by 
Djyitioal.  forming  compounds  with  oxygen,  which  do  not  neutralize 
acids;  and  from  thos^  of  ^^the  first  gen|is,  by  not  entering 
into  any  gaseous  combinations*  They  agree  with  the  bodies 
of  the  first  genus;  because  their  oxides  possess  acid  proper- 
ties* Tliey  agree  with  the  bodies  of  the  second  genus;  be- 
cause these  acids  are  but  imperfectly  soluble  in  water,  and 
act  with  but  little  energy  upon  animal  and  vegetable  bodies*^* 
Whit  bo-        Under  his  first  genus,  Dr.   Thomson  gives  hydrogen, 
TbomoD    ^^'^'^"i  boron,  silicum,  phosphorus,  sulphur,  arsenic,  and 
iiieiiidet      tellurium;  to  which  he  aidds  osmium  from  analogy* 
under  hit        Under  the  second  genus,  he  includes  the  following  bo^es, 
whJ^n^  divided  into  five  families*  Ist  Family;   Potassium,  sodium, 
der  hit  te-  calcium,  barium,  strontium,  magnesium*    3d  Family;  Tt* 
'^^"^  trium,  glucinum,  aluminum,  zirconium,  thorinum*  3d  Fa- 
mily; Iron,  nickel,  cobalt,  manganese,  cerium,  urwiam* 
4th  Family;   Zinc,   lead,  tin,  copper,  bismuth,  mercury, 
silver*   5th  Family;  Gold,  platinum,  palladium,  rhodium, 
iridium* 
and  whtt.       Under  the  third  genus,  he  gives  antimony,  chromium, 
trrder  his    molybdenum,  tungsten,  columbium,  titanium* 
An-lnge-        In  my  arrangement  of  the  combustibles,  I  have  a  class  of 
ed'^h'J'Ir^'''  acidifiable  combustibles*  But  the  definition  of  it  is  diflFer- 
B«  r  of  acidi.  cut  from  that,  given  to  the  corresponding  class  by  Dr.  Thom- 
b'^'^r^?'  son,  as  may  be  seen  by  the  table*   It  includes  such  com- 
'*    bustiblcs  as  form  acids,  and  in  no  case  salifiable  bases,  by 
unidng  with  oxygen.  Hydrogen,  therefore,  is  excluded  from 
it,  as  this  combustible  forms  no  acid  with  oxygen;   and  is 
erected  into  a  separate  class,  for  reasons  which  will  be  given 
presently,  Silicum  is  excluded  also;  because  the  proofs  of 
Its  oxide  (silica)  being  an  acid  are  not  satisfactory*    Tellu* 
rium  is  excluded;   because  it  forms  a  compound  with  oxy- 
gen, which  performs  the  part  of  a  base,  as  well  as  of  an  acid, 
llie  definition,  however,  while  it  excludes  some  bodies  of 
Dr.  Thomson's  genus,  embraces  others,  not  included  in  his* . 
Thus  chromium,  molybdenum,  tungsten  and  columbium  are 
brought  in  here,  from  Dr.  Thomson's  third  genus,  where 
they  are  called  bodies  capable  of  forming  with  oxygen  im- 
perfect acids;  because  they  form  acids  with  oxygen,  but 
never  salifiable  bases.f 
vhieh  eon-      The  acidifiable  combustibles,  as  just  enumerated,  form 
^^  ^^  ^^^  second  class  of  combustibles  in  the  table.  The  first  con- 
eitis.         tains  one  body  only,  and  that  is  hydrogen* 


*  ThomMo'g  f  :hemiBtry,  voL  I.  p.  538. 

t  Sclcnnim  hM  heen  •Uised  iiith  the  tcidifitble  combosUblety  since  the  above 
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There  are  a  number  of  acida^  which  agree,  as  to  constitu*  Cbaf.  iv, 
doD,  in  no  other  particular  than  in  contadnin^  hydrogen.  These  The  fint 
IR  hydrocUoric  (muriatic)  acid,  hydriodic  acid,  hydroaul-  «^m  coo- 
fknk  acid   (sulphuretted  hydrogen),   hydroselenic   acid||j^^{^r^ 
(aknurected  hydrogen),  hydrotelluric  acid  (telluretted  hy» 
diDgen),  hydrofluoric  (fluoric)  acid,  and  hydrocyanic  (prus- 
lic)  acuL  It  IS  for  this  reason  that  I  have  put  hydrogen  in 
idass  by  itself,  and  ventured  to  call  it  an  acidifying  body. 
The  term  ack^Jying  is  not  meant  to  convey  the  idea  of  any  which  is 
exclusive  agency  of  the  hydrogen  in  the  production  of  die^^^*^ 
add  properties,  in  the  particular  acids  above  mentioned;  but  oombul^ 
h  is  used  as  being  convenient,  and  best  suited  to  express  ^• 
the  idea.  It  is,  certainly,  equally  admissible  with  the  term 
sddifiahle;  since  an  active  participle  may  be  used  with  the 
Mme  propriety  as  the  passive  potentiaL 

Besides,  hydrogen  does  not  stand  well  along  side  of  the  Amnge- 
bodies,  with  which  Dr.  Thomson  has  associated  it  in  his  ^^!^|^ 
fast  genua.  Excepting  hydrogen,  all  the  bodies  of  this  ge-  ^uSied. 
ans  form  acids  with  oxygen,  (assuming  Dr.  Thomson's 
opinion  respecting  silicum),  and  agree  very  well  in  this  par- 
ticular. Hydrogen,  however,  forms  no  acid  with  oxygen; 
vhik  with  sulphur,  one  of  the  substances,  also  included  in 
die  genua,  it  forms  a  compound  having  acid  properties. 

The  title  of  my  third  class  is  adopted  from  Dr.  Thomson;  Title  of 
hit  by  intermediate  combustibles,  I  do  not  mean  the  same  ^*^^^. 
thing  with  this  author.    He  understands  by  intermediate  abies»bor.' 
combustibles,  such  bodies  as  form  ^^  by  their  union  with  the  rowed  from 
supporters  of  combustion,  imperfect  acids,  or  substances  ,0^'.  i^u^^'^ 
intermediate  between  acids  and  alkalies."  Under  the  accep-  term  ituer- 
tation  in  which  the  term  is  here  taken,  it  designates  those  j^^V* 
combustibles,  which,  by  union  with  oxygen,  form   com-  new  aeoep- 
pounds,  which  act  the  part  of  acids  and  of  bases,  in  difier-  ^^°' 
cat  cases  of  combination.  Hence  the  reason  that  chromium, 
molybdenum,  tungsten,  and  columbium  are  carried  into  the 
leccmd  class  in  this  work;  since  the  oxides  of  these  bodies, 
which  enter  into  the  constitution  of  salts,  always  take  the 
part  of  acids,  and  in  no  case  of  salifiable  bases.  Titanium 
dso  is  exclucled  from  the  class  of  intermediate  combusti- 
bles, where  Dr.  Thomson  has  placed  it;  as  not  answering 
to  the  meaning  of  the  term,  as  here  adopted.  It  does  not,  in 
fact,  answer  to  its  meaning,  as  explained  by  Dr.  Thom- 
son himself;   who  nowhere,  in  his  work,  ascribes,  to  its 
compounds  with  supporters,  acid  properties  of  any  kind;  or 
any  other  properties,  which  would  justify  the  belief,  that 
they  are  substances  intermediate  between  acids  and  alkalies. 

tJnder  the  particular  acceptation,  in  which  the  title  inter- 
mediate  combwtiblea  is  here  taken;  I  retain  but  one  bodv 
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Book  I.   placed  Under  this  head  by  Dr.  Thonuoo;  and  that  ia  aad- 
DiTjitaiL  mofiy;.  It  is  because  thia  metal  forms  oompoanda  whh  ovh 
gen^  one  of  which  performs  the  part  of  a  salifiable  baaei  while 
the  others  (antimonious  and  antimonic  acids)  perform  the 
part  of  acids.  Tellurium,  which  was  excluded  from  Dr.  Thom- 
son's genus  of  acidifiaUe  combustibles,  is  inserted  here;  be« 
cause  the  only  compound  which  it  forms  wi:h  oxygen  is 
sometimes  an  acid  and  sometimes  a  salifiable  base.  The 
reader,  however,  will  obserre  this  difference  between  anti- 
mony and  tellurium;  that  while  the  respective  offices  of 
acid  and  of  base  are  performed  by  different  oxides  of  ann- 
mony;  both  these  offices  belong  to  the  only  oxide^  which 
tellurium  is  capable  of  forming. 
Two  bodies     Thus  it  IS  perceived  that  the  class  of  intermediate  com- 
S  ufider^'  bustibles  is  made  to  embrace  but  two  bodies;  antimony  and 
the  title  ef  tellurium.  It  IS  placed  next  to  the  class  of  acidifiaUe  com- 
^jy*]^    bustibles;  in  order  that  the  bodies,  which  it  embracea^  may 
biutibiM.*  stand  as  close  as  possible  to  the  acidifiable  metals,  to  which 

Aey  bear  a  ver^^  close  analogy. 
Combuiti-       My  fourth  class  is  called  by  the  tide  of  basifiable  com' 
braeoT    .  ^^^^^^*    ^^   corresponds    exactly   with    Dr.    ihomson's 
derthe    '  Second  genus,  as  far  as  the  definition  is  concerned.  But 
^^l^  ^^  besides  die  bodies  included  under  it  by  this  chemist;  I 
iiftble.         have  added  silicum,  to  which  its  old  position  is  given; 
osmium,  because  the  force  of  analogy  is  not  sufficiently 
strong  to  justify  its  position  among  the  acidifiable  combus- 
tibles; and  titanium,  for  the  reasons  which  excluded  it  from 
die  daas  of  intermediate  combustibles. 

I  do  not  retain  the  families  into  which  Dr.  Thomson  has 
divided  this  class;   because   they  have   no  well   marked 
Thw  ebM   characters,  except  the  first  and  second.  The  class  is  divided, 
thnMwb***  ***  ^^^  present  work,  into  three  sub-classes:  the  first  sub-class 
rianes.       embraces  alkalifiable  combustibles;*  the  second,  combusti- 
bles forming  earthy  salifiable  bases;  and  the  third,  combus- 
tibles forming  salifiable  bases,  having  neither  alkaline  nor 
earthy  prc^rties. 

Thus  I  have  given  the  reasons,  which  induced  me  to 
modify  Dr.  Thomson's  arrangement  of  the  undecompounded 
ponderable  bodies.  Indeed,  I  have  taken  so  many  liberties 
with  it,  as  to  change  almost  entirely  its  aspect;  and,  while 
the  arrangement  of  the  present  work  bears  resemblance  to 
it,  in  some  respects;  in  others,  it  is  totally  different.  It  is 
confessedly  founded  upon  the  arrangement  of  Dr.  Thom- 


*  Tbb  Mib^laM  eoaUuni  lithiam^  in  Addition  to  the  bodice  tnokided  under  it  br 
Dr.  Thornton.  Lithium  wu  not  known  when  the  hut  edition  ef  this  chewJtt^s 
work  VM  put  to  prett. 
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boo;  and  when  I  first  undertook  to  prepare  this  volume,  Cia^.IV. 
from  materiak,  drawn,  principally,  from  his  copious  work,  *— — 
I  had  not  conceived  the  design  of  altering  it.  But  in  my 
progress  there  appeared  to  be  several  alterations  whicn 
could  be  made  with  advantage.  These,  however,  were  not 
made  hastily;  for  I  gave  every  point  very  scrupulous  atten- 
tion, in  order  to  see  whether  further  investigation  would 
destroy  my  first  impressions;  and,  not  till  after  I  was  unaUe 
to  convince  myself  that  I  was  wrong,  did  I  adopt  the  mo- 
difications. 

I  should  not  have  employed  so  much  time  in  giving  the 
preceding  account  of  the  arrangement,  which  I  have  adopt- 
ed; but  that  I  have  attempted  to  substitute  something,  in 
many  respects  my  own,  for  what  has  received  the  approba* 
tion  of  a  respectable  portion  of  the  chemists  of  the  day. 
Unknown  as  I  am  in  chemistry,  my  suggestions  in  the 
scientific  arrangement  of  its  objects  can  have  no  weight  of 
anthority;  but  must  stand  upon  their  intrinsic  merits,  and 
depend,  for  their  adoption,  upon  the  exhibition  of  satisfac- 
tory reasons. 

After   all  the  attention   I  have  bestowed    upon    the  Prominent 
arrangement  of  chemical  bodies,  I  freely  acknowledge,  that,^^^^^ 
in  several  respects,  the  one  which  is  adopted  is  far  from  nmgement 
being  satisfactory.  In  the  first  place,  it  is  not  probable  that  ^  Bf^op^^- 
the  phenomena,  attendant  on  combustion,. will  long  continue 
to  afford  a  convenient  basis,  upon  which  to  erect  the  primary 
divisions  of  chemical  bodies.    Already  is  the  class  of  sup- 
porters swelled  to  four  by  the  addition  of  bodies,  which  do 
not  stand  well  associated  with  oxygen;  and  yet  it  does  not 
contain   all   the  bodies   which  legitimately    belong   to    it. 
Potassium,  sulphur  and  phosphorus  are  as  fully  entided  to 
be  called  supporters  as  iodine  or  fluorine;  because,  in  some 
of    their   combinations   with   bodies    not   supporters,   the 
chemical  action  is  so  intense  as  to  produce  both  sensible 
liffht  and  heat.  Thus  it  is  perceived,  that,  under  the  definition 
of  a  supporter,  bodies,  in  many  respects  dissimilar,  would  be 
unnaturally  grouped  together,  and  the  end  of  scientific  ar- 
rangement thereby  defeated. 

Again,  all  the  substances,  which  are  arranged  under  the 
tide  of  combustibles,  forming  salifiable  bases,  with  oxygen, 
having  neither  alkaline  nor  earthy  properties,  in  strict  pro- 
priety do  not  belong  here.  Without  doubt,  the  oxides  of 
cerium,  of  uranium,  of  titanium,  and  of  some  other  metals 
arranged  here,  are  as  perfect  earths  as  yttria,  glucina, 
or  any  of  the  other  bodi^,  which  have  generally  been  de- 
nominated earths.   Hence  there  is  no  reason  why  these 
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Aodki.   metik  fthould  not  be  cUlsaed  aloD^  with  the  basifiaUe  ( 
^^^^"^  '-  bwdbks,  fermiflg  earthy  bases  with  oxygen. 


Having  thus  finished  the  account  of  the  arrangement  of 
the  undecompounded  ponderable  bodies,  pursued  in  this 
work;  it  may  not  be  wittiout  its  use  to  recapitulate,  in  tables^ 
their  more  important  properties. 
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CvAP.  y. 

'■  ■  ■      F I 


TABLE 

\he  Specific  GtamHes,  ob  far  a$  ^  arc  kwnn»  of  At 
Vmieeomfounded  PonieraUe  Bodies^  given  in  Ae 
order  of  their  relative  amounts. 


Compared  with  air  at  tmUy. 
1.  Hydrogen  (H)7M 

lAioCe  OWt 

9.  Oxygen  1106 

i  Chlorine  9^700 

Ctmipared  with  water  m  unitg, 

5.  Pouadnm  0*S65 

6.  SodhiBi  0-972 

7.  Magncsum  1  '1' 
1  PhMphorai             1*770 
9.  Boron  1-8U 

laSntphnr  1-990 

IL  CiHHm  S'^r^.  ^*** 


11  Bftrinm 
19.  Strontiiim 
IL  SdeniDBi 
Kloiline 
16.  Colattliintn 
ir.Chromina 
11  Telhiriani 
19.  ha^moaj 


9-5 

45  fltcimated. 

4-9 

4-6 

4948 

5-61 

1*90 

6115 

o-rif 


Compared  with 
90.  Zine 
SI.  Tin 
98.  Iron 
S9.  Maogmnese 
94.Unicdom 
85.  Aneoie 
^  Niekel 
87  ColMit 

88.  Molvbdannm 

89.  Copper 

90.  Bbmath 

91.  SiWer 
98.  Rhodium 
39.  Lead 

94  PaUadinm 

95  Mireary 

96.  Tnngtten 

97.  Irtdlnm 

98.  Gold 

99.  Ptetinam 


water  09  a  um^. 

6  861 

7-891 

7*7     medinm. 

8-019 

8-100 

891 

8-408 

8-58 

8-611  Bnehols. 

8895 

9-888 
10*474 
10  649 
11-958 
11-55 
13-568 
17  4 
18-96 
199 
9i*47 


modlim* 


MWfiQBL 


M 


The  undeoompounded  bodies,  whose  specific  gravities 
have  not  as  yet  been  ascertained,  are  fluorine,  lithium, 
calcium,  yttrium,  glucinum,  aluminum,  zirconium,  thori- 
aum,  siUcum,  cerium,  osmium,  and  titanium. 


CHAPTER  V. 


SKETCH  OF  THE  ATOMIC  THEORY  OF  CHEMICAL 

COMBINATION. 

At  this  stage  in  the  progress  of  the  present  work,  it  ap-  object  of 
pears  to  be  most  expedient  to  introduce  to  the  notice  of  ^f^*^ 
the  reader,  the  leading  facts  known  respecting  the  propor- 
tions and  the  manner  in  which  bodies  unite  chemically. 

For  the  purpose  of  illustration,  a  set  of  bodies  will  be 
selected;  and  tiie  quantities  in  which  each  of  them  combines 
with  oxygen  and  hydrogen,  both  taken  at  unity,  will  be 
Boted* 
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Book  I     Onepartof  r4*5parU  of  ohloriney       fomiiiigiiroCoildeorehlariBe. 
DirisionI      ^78*"     J    •75— carbon,         —— earboole oxide. 

'     eorabiaes   |  1  5    — ^—  phosphoniSy  photphorooi  add.* 

Sutement      ^*^  I    ^'  •ulphur,       hypoMlphuroua  aekL 

of  ehemieal 

propoiv       One  part  of  T  4*5   f  8  or  36  parti  of  chlorine,  forming  hjdroehlorie  aeid. 

tioot.  HydroK^  J     75  +  8  or    6 carbon         —  hydrogoret  of  oarbOD. 

eombinea    |  1*5  tSor  19  phoaphoraa  — -^  l^drugaret  of  piraaplioro. 


with  L    2  -t- 8  or  16^ — saiphur       — —  b/droaalpharie  aeid. 

DedaetkMi  From  the  above  statement,  it  must  be  evident,  that  what- 
from  this  ever  quantity  of  chlorine,  carbon,  phosphorus  or  sulphur, 
autement;  combines  with  a  given  quantity  of  oxygen;  eight  times  such 

quantity  unites  with  the  same  amount  of  hydrogen* 
irbiehbon-     The  proposition,  however,  as  just  stated,  is  only  true  of 
\j  true  up.  ^j^^  compounds  spoken  of,  when  their  constituents  combine 

der certain   .       ,        T      ^  '  r%  i_  l    j  i_- 

eireumaun-m  the  Simplest  proportions.  But  when  one  body  combines 
*^  with  another  in  more  than  one  simple  proporiion;  every  new 

proportion  is  some  multiple  of  the  first. 
PropoMtkm      Now,  the  proposition  just  made,  with  respect  to  oxygem 
deduced      ^jj^]  hydrogen,  is  not  only  true  with  regard  to  their  combina* 
ment  giren,  tions  with  chlorine,  carbon,  phosphorus  and  sulphur;  but  also 
ooiTertaiiy  with  regard  to  those  compounds,  which  they  form  with  all 
Miesu Jte Other  substances;  at  least  as  far  as  such  compounds  have 
in  the  sim-  been  carefully  investigated.  So  that  it  may  be  stated  as  urn- 
^IJ^^*^    versally  true,  that  the  quantities  in  which  bodies  combiiie» 
chemically,  with  any  one  body,  in  the  simplest  proportioOi 
are  invariably  proportional  to  the  quantities  in  which  the 
same  bodies  combine  with  any  other  body. 
Propositioo      It  is  further  found,  that  when  two  bodies,  a  and  i,  combine 
extended;    ^jj^^  ^  third  c;  by  whatever  multiple  the  quantity  in  which 
c  combines  with  6,  exceeds  the  quantity  in  which  c  com- 
bines with  a;  then,  in  the  combination  of  a  and  &,  by  the 
same  multiple  will  the   quantity  a  exceed  the  quantity  b» 
illoitrated   For  example:  both  oxygen  and  hydrogen  combine  with  chlo- 
ampTe.**"    ™^»  ^  P^^  ^^  oxygen  with  4*5  of  chlorine;  1  part  of  hy- 
drogen with  36  of  chlorine.  Now  36  is  8  times  4*5;  there- 
fore the  quantity  in  which  chlorine  combines  with  hydro- 
gen, exceeds  that  in  which  it  combines  with  oxygen,  by  the 
multiple  8.  But  one  part  of  oxygen  combines  with  the  eighth 
part  of  one  of  hydrogen  or  0*125;  therefore  by  the  same 
multiple,  by  which  the  quantity  of  chlorine  combining  with 
hydrogen,  exceeds  the  quantity  of  the  same  body  uniting 

*  The  compoaition  of  all  the  ehemieal  compounds,  which  are  selected,  for  the 
porpone  of  illustration  in  this  clmpter,  will  not  he  found  in  the  precediof  part  of 
this  volume,  it  would  not  he  eusy  to  give  even  a  tolerMblr  cfear  account  of  the 
atomic  theorr,  if  the  illustrations  were  drawn  only  from  the  compounds  aireadv 
described,  llie  ruider  is,  therefore,  requested  to  take  for  granteil  the  eonposl- 
tions,  with  whieh  he  finds  himself  not  previouslj  acquainted,  and  which  are  oahr 
antieipated  from  the  necessity  of  the  ease. 
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with  oxygen;  does  the  quantity  of  oxygen  exceed  the  quan-  Csaf.v. 
tity  of  hydrogen  in  the  combination  of  oxygen  and  hy- 
drogen* 

Now  the  reader  will  bear  in  mind,  that  what  is  here  sud 
of  oxygen,  hydrogen,  and  chlorine,  applies  to  all  other 
bodies,  whose  combinations  have  been  accurately  ascer- 
taioed. 

If  the  quesdon  be  asked,  why  hydrogen  combines  with 
8  times  as  much  of  any  body  as  oxygen  does;  the  probable 
explanation  may  occur  to  the  reader,  if  he  advert  to  the 
fact,  that,  in  the  compound  formed  by  these  two  bodies,  the 
hydrogen  constitutes  |(h  only  of  the  amount  of  the  ox ^^ gen; 
and  he  may  say,  that  as  the  hydrogen  is  assumed  as  one, 
which  is  8  times  greater  than  its  proportional  equivalent, 
compared  with  that  of  oxygen  taken  at  unity  al^io;  then  in 
that  relative  amount,  it  combines  with  8  times  as  much  of 
another  body  as  oxygen  does.  But  if  taken  at  its  simple 
equivalent,  which  is  one-eighth  of  1,  or  0-125;  then  that 
quantity  of  hydrogen  combines  exacdy  with  the  same  quan- 
tity of  any  other  body,  as  1  of  oxygen  does:  or,  to  express 
die  same  thing  without  a  decimal,  1  part  of  hydrogen  com- 
bines with  the  same  quandty  of  any  other  body,  as  8 
parts  of  oxygen  do. 

The  law  of  combination,  last  stated,  holds  good  with  re- 
gard to  all  compounds,  whose  constituents  unite  in  simple 
proportions.  So  that  if  the  chemist  should  find  that  the  sim- 
plest combination  of  hydrogen  and  sulphur  contained  1  part 
of  the  former  and  16  of  the  latter;  he  would  be  able  to 
infer,  that  the  same  quantity  of  any  body,  which  combines, 
simply,  with  1  part  of  hydrogen,  will  unite,  in  the  same 
manner,  with  16  parts  of  sulphur. 

The  reader  has  now  been  made  acquainted  with  several  re-  The  lod- 
markable  coincidences  in  the  proportional  numbers,  in  which  ipKpro|iMi- 
chemical  bodies  combine:  it  is  natural  for  him  to  inquire,  ing  to  defi- 
upon  what  peculiarities  in  the  manner  of  their  combination  ni^^  ehemi- 
do  these  depend?  Siis'SE*" 

The  explanation  of  this  point  cannot  be  made  to  rest  now  lUtcd; 
upon  absolute  proof;  but  upon  a  train  of  reasonings  so  ex-^*^^ 
act  in  all  its  parts,  as  to  make  it  almost  universally,  ad- 
mitted. 

It  it  be  supposed,  that,  when  two  bodies  unite  chemically, 
it  is  either  a  union  of  1  atom  of  one  of  them,  with  1  atom 
of  the  other;  or  1  atom  of  one,  with  2  atoms  of  the  other; 
or  2  atoms  of  one  with  3  atoms  of  the  other,  and  so  on  for 
any  number  of  atoms;  then  it  will  follow,  that,  in  any  com- 
pound, whose  constituents,  there  is  reason  to  believe,  unite 
atom  with  atom,  the  relative  weights  of  such  atoms  must 
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BookL   be  proportional  to  the  relative  weights  of  the  comtitiieiiti 
JSJjj^lf^  themselves.  Thus  if  oxygen  and  hydrogen  be  supposed  to 
unite  one  atom  with  one  atom,  when  they  combine  to  form 
water)  then  since   the  weight  of  the  hydrogen  is  to  the 
weight  of  the  oxygen  as  1  to  8;  therefore^  if  the  weight  of 
an  atom  of  hydixigen  be  assumed  as  1^  the  weight  of  an 
atom  of  oxygen  wiU  be  8» 
the  oeear-       Now,  it  it  be  reasonable,  in  the  nature  of  things^  to 
t]k"^d^    suppose  that  bodies  unite  atom  to  atom;  and  if,  upon  assum- 
niteVo- '  ii^S  the  supposition  as  true,  it  be  found  that  the  proportions, 
portioot     in  which  die  consUtuents  of  the  bodies  most  familiar  to  the 
wunted  for,  chcmist  Combine,  uUy  exacdy  with  it|  is  not  the  oondn- 
moitiatis-  sion  almost  irresistible,  that  such  supposition  is  not  only 
aupminj*^  reasonable,  but  absolutely  true,  in  the  nature  of  things, 
that  bodies       If  It  be  asked,  what  data  the  chemist  has  for  supposing 
^miMii    ^^^^  hydrogen  and  oxygen  unite  atom  with  atom,  and  not  in 
by  atoms,    any  Other  atomical  proportion;  the  answer  is  that  hydrogen 
wiiieii  haTe  and  oxygen  combine  in  one  known  proportion  onlyi  and 
we^hta.      ^^^  i^  is  i^ot  probable  that  any  other  proportion  of  combir 
nation  will  hereafter  be  discovered.  Accordingly  it  is  rea- 
sonable to  suppose  that,  if  hydrogen  and  oxygen  unite  alo* 
mically,  they  combine  atom  with  atom.    Upon  any  other 
supposition,  it  would  become  necessary  to  consider  the  onfy- 
compound  of  oxygen  and  hydrogen  known,  as  one  in  which 
the  constituents  unite  in  unequal  numbers  of  atoms. 
The  suppo-     The  reader,  it  is  believed,  will  be  ready  to  allow,  there- 

^Irobina-  ^^^^'*  ^^^  ^^  hydrogen  and  oxygen  unite  atomicaUy,  the 
tioD  by  union  takes  place  atom  with  atom;  and  if  so,  that,  taking 
atoms,  as-  the  Weight  of  an  atom  of  hydrogen  as  1,  the  weight  of  an 
Uieir         atom  ot  oxygen  will  be  8. 

j««hu  in       The  supposition  of  atomic  combination  will  now  be  made 

bodin  de-    ^'^^^  regard  to  several  other  compounds;  and  first  to  hydro- 

doeed  from  chloric  (muriatic)  acid.  This  acid  is  composed  of  1  part  of 

^SH^^       hydrogen  united  to  36  parts  of  chlorine.  Now  supposing  its 

constituents  united  atom  with  atom;  the  weight  of  an  atom 

of  hydrogen  being  taken  as  1,  the  weight  of  an  atom  of 

chlorine  will  be  36. 

Hydriodic  acid  is  composed  of  1  part  of  hydrogen,  united 
to  125  parts  of  iodine.  Now  if  this  be  a  compound,  in  which 
the  constituents  unite  one  atom  with  one  atom;  then  the 
relative  weight  of  an  atom  of  iodine  will  be  125. 

Hydrosulphuric  acid  (sulphuretted  hydrogen)  is  com- 
posed of  1  part  of  hydrogen,  united  to  16  parts  of  sulphur. 
Supposing  this  to  be  a  combination  of  one  atom  widi  one 
atom  also;  then  the  relative  weight  of  an  atom  of  sulphur 
will  be  16. 

Thus,  taking  the  weightof  an  atom  of  hydrogen  as  one  (and 
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uiu^  will  alwiyB  be  assumed  to  express  the  atom  of  this  Cmap.  v. 
body)  then  the  relative  weight  of  the  atom 

Of  Chlorine  will  be  36 
Of  Iodine  135 

Of  Sulphur  16— as  deduced  from 

the  composition  of  the  three  acids  just  mentioned. 

The  relative  weights  of  the  atoms  of  these  same  bodies 

will  now  be  deduced  from  their  combinations  with  oxygen. 

Oxygen  combines  in  four  proportions  with  chlorine*  The 

compounds  formed  are  composed  as  follows: 

1.  Protoxide  of  chlorine,  of  8  oxygen  +  36  chlorine. 

S.  Deutoxide  of  chlorine,  of        32     — -^  +  36  — — — 

3.  Ciiioric  acid,  of  40     +  36  — — i 

4.  Oxychloric  (perchloric)  acid,  56      — ^  +  36  » 

Now  as  the  protoxide  of  chlorine  is  the  particular  combi- 
nation, between  oxygen  and  chlorine,  in  which  the  constitu- 
CDti  combine  atom  with  atom,  for  reasons  of  general  applica- 
don,  which  will  be  given  hereafter;  the  relative  weieht 
of  an  atom  of  chlorine  must  be  deduced  from  this  oxide: 
aid  it  is  perceived,  that  it  turns  out  to  be  the  same,  as 
when  deduced  from  the  combination  of  this  same  suppor- 
ter with  hydrogen. 

It  IB  also  perceived,  that  the  deutoxide  contains  4  times, 
ddoric  acid,  5  times,  and  oxychioric  (perchloric)  acid,  7 
times  as  much  oxygen,  combined  with  the  same  quantity  of 
chlorine,  as  the  protoxide.  Here  then  the  chemist  infers 
that  these  compounds  are  composed  of  1  atom  of  chlorine, 
combined  respectively  with  4  atoms,  with  5  atoms,  and  with 
7  atoms  of  oxygen. 

Iodic  acid  is  the  only  compound  formed  between  iodine 
and  oxygen;  it  is  composed  of 

8  oxygen  +    25  iodine;  or,  which  is  the  same 
thing,  of   40   +  125  

From  the  above  numbers,  it  is  necessary  to  infer,  either, 
that  the  atom  of  iodine  is  rated  5  times  too  high,  as  deduc- 
ed from  its  combination  with  hydrogen;  or  that  the  com- 
pound in  question  contains  five  atoms  of  oxygen.  The  lat- 
ter inference  is  by  far  the  most  probable;  since  the  weight 
of  an  atom  of  iodine,  deduced  from  a  number  of  its  com- 

Eounds,  turns  out  to  be  the  same  as  when  calculated  from 
ydrogen. 

Oxygen  forms  with  sulphur  three  compounds,  which  are 
composed  as  follows: 

1.  Hyposulphurous  acid  of    8  oxygen  +  16  sulphur. 

2.  Sulphurous  acid  of  16  +  16 

3.  Sulphuric  acid  of  24  -»—     +16 
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Book  I.       Supposing  hyposulphurous  acid  to  be  the  particoltt'  com- 
Difiiiiil.  pound  of  the  three,  in  which  the  constituents  are  united  in 
the  simplest  atomic  manner;  then  it  is  obvious  that  the 
weight  of  the  atom  of  sulphur  will  be  16,  the  same  number 
assigned  for  it,  from  the  consideration  of  its  combinatioa 
with  hydrogen.  It  is  also  obvious,  from  the  foregoing  state- 
ment, that  sulphurous  acid  contains  two,  and  sulphuric 
acid,  three  atoms  of  oxygen,  united  with  one  atom  of  sul- 
phur. 
Thcw  The  fair  conclusion  to  be  drawn  from  the  above  atate^ 

Mnced,"^  ments  is,  that  the  same  relative  weights,  for  the  atoms  oF 
turnoQtto  chlorine,  iodine,   and    sulphur,   are    deducible    from   the 
^^the**"^  combinations  of  these  bodies,  with  either  hydrogen  or  ozy- 
same  bodj.  gen* 

If  then,  there  is  good  reason  to  believe  that  the  rela- 
tive weights,  of  the  atoms  of  chlorine,  iodine  and  sulphur 
are  correcdy  stated  at  36,  125,  and  16  respectively;  it  may 
be  matter  worthy  of  inquiry,  what  relative  weights  wou)d 
be  assigned  to  these  same  bodies  by  the  consideration 
of  the  combinations  formed  between  themselves.  IThese 
combinations  are  chloriodic  acid,  chloride  of  sulphur,  and 
iodide  of  sulphur.  One  only  of  these  substances  has  been 
accurately  analyzed;  and  the  proportion,  in  which  its  con- 
stituents combine,  confirms  the  statement  above  given. 
Thus  chloride  of  sulphur  is  composed  of  36  parts  of  chlo- 
rine united  to  16  parts  of  sulphur.  Chloriodic  acid  and 
iodide  of  sulphur  afford  no  data;  as  their  composition  is 
not  correctly  known. 

In  the  foregoing  observations,  the  reader  has  been  told 
that  bodies  probably  combine  by  atoms:  and  that  when- 
ever there  is  good  reason  to  believe  that  the  constituents  of 
any  body  combine  one  atom  with  one  atom;  then  the  num- 
bers which  express  the  relative  weights  of  such  constitu- 
Hovaoom-ents,  represent  also  the  relative  weights  of  their  atoms.  But, 
binatioQ  in  it  may  be  asked,  what  are  the  indications  which  make  it 
proporUooi  pi^bable,  when  several  different  compounds  are  formed 
IS  to  be       from  the  same  constituents  combining  in  different  propor- 
'"'^'^"'       tions,  that  some  one  of  them  is  formed  by  the  union  of  one 
atom  with  one  atom;  and  not  by  the  union  of  an  unequal 
number  of  atoms. 

To  illustrate  this  question,  it  will  be  convenient  to  ad- 
duce an  instance,  in  which  a  number  of  compounds  are 
formed  from  the  same  constituents,  united  in  different  pro- 
portions; and  to  consider  them  with  the  view  to  determine, 
in  which  of  them  the  constituents  unite  in  the  simplest  pro- 
portion, or  one  atom  with  one  atom. 


AGCOUHT  OP  THB  ATOMIC  THEOBT.  14$ 

Thus  the  Oba>.V^ 

Protoxide  of  azote  is  composed  of  14  azote  +    8  oxygen*  ' 

Deutoxide  of  azote 14  +16 

Hyponitrous  acid 14  +24 

Nitrous  acid 14  +32 

Nitric  acid 14  +40 

or  the 
Protoxide  of  azote  is  composed  of  40  oxygen  +  70  azote. 

Deutoxide  of  azote 40  +35 

Hyponitrous  acid 40  +23*3 

Nitrous  acid 40  +  17*5 

Nitric  acid 40  +14 

If  it  be  supposed  that  nitric  acid  is  a  compound  of  one 
atom  of  oxygen  and  one  of  azote;  then  it  is  seen,  by  the  last 
statement  of  those  just  given,  that  nitrous  acid  wiiT  be 
made  to  be  a  compound  of  one  atom  of  oxygen,  and  one  atom 
tnd  a  fraction  of  azote;  or  if  the  azote  be  taktrn  at  the  same 
number  in  both  these  acids,  then  the  latter  will  be  made  a 
compound  of  one  atom  of  azote^  and  a  fraction  of  an. Atom 
■  of  oxygen.  Now  neither  of  these  suppositions  is  tenable, 
consistently  with  the  nature  of  an  atom. 

If  it  be  supposed,  that  the  protoxide  of  azote  is  a  compound 
of  one  atom  of  azote,  and  one  atom  of  oxygen;  then  the  deu- 
toxide is  either  a  compound  of  one  atom  of  oxygen  and  half  an 
atom  of  azote,  or  of  two  atoms  of  oxygen  and  one  atom  of 
azote;  as  will  be  seen  most  clearly  by  the  statement  last  given. 
Now  the  last  supposition  may  be  held  consistently  with  the 
atomic  theory;  and  therefore  there  is  nothing  in  the  suppo- 
sition that  the  constituents  of  the  protoxide  unite  atom  with 
atom,  which  is  inconsistent  with  an  atomic  composition  for 
the  deutoxide.  But  it  is  necessary  that  no  atomic  inconsis- 
tency should  exist  upon  viewing  the  other  compounds  of 
azote  and  oxygen;  otherwise  the  atomic  assumption  alrea- 
dy made  would  be  untenable.  Now  it  is  seen  by  the  first 
statement,  that,  without  atomic  inconsistency,  hyponitrous 
acid  may  be  considered  a  compound  of  1  atom  of  azote, 
united  to  3  atoms  of  oxygen;  nitrous  acid,  of  1  atom  of 
azote,  united  to  4  atoms  of  oxygen;  and  nitric  acid,  of  1 
atom  of  azote  united  to  5  atoms  of  oxygen.  It  may,  indeed, 
be  said  that  the  deutoxide  of  azote  is  a  compound  of  1  atom 
of  oxygen,  united  to  1  atom  of  azote;  and  that  the  protox- 
ide is  composed  of  1  atom  of  oxygen  united  to  2  atoms  of 
azote;  and  as  far  as  this  supposition  goes,  there  would  no 
atomic  inconsistency  in  it.  But  when  the  same  atomic  sup- 
position is  attempted  to  be  applied  to  the  other  compounds 
of  azote,  it  will  be  found  entirely  to  fail;  as  it  will  make 
a  resort  to  a  fractional  atom  unavoidably  necessary. 

T 
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%AA  AOCOUNT  OP  THE  ATOIOC  TBBOBY. 

Booi^j.       It  18  difficult  to  give  a  concise  rule,  for  determining  when 
^'***°°^*  a  comlbinatioii  takes  pl^ce  in  the  simplest  proportion,  or  one 
atom  of  ope  constituent  with  one  atom  of  the  other;  but  it 
may  be  stated  in  general  terms,  that  the  particular  combi- 
nation between  any  two  substances,  uniting  in  several  pro- 
portions, is  the  simplest,  of  either  of  the  constituents  of 
which,  the  same  constituent,  in  every  other  compound  of  the 
same  ingredients,  may  be  some  esact  multiple. 
What  hM       The  facts  and  reasonings,  upon  which  the  atomic  thieory 
■ancient  to '^'^^  are  too  diversified  to  allow  a  full  enumeration  c^ 
oaable  tn^  them  to  be  made  in  this  place.  All  that  is  intended  by  the 
^^^^^  imperfect  sketch,  which  has  just  been  completed  of  this 
3  the  troth  theory  I  is  to  enable  the  student,  by  means  of  the  outline 
Sk  ^'^'tli^f^^^^  ^  ^^^  ^^  accuracy,  by  pursuing  the  subject  in  all 
thm^^       ^^  ramifications. 

.lliis  inay  very  easily  be  done  by  any  one,  who  will  take 
the  trouble  of  examining  any  compound  already  describedt 
the  composition  of  which  is  ascertained  with  tolerable  ac- 
curacy*  The  numbers  in  all  the  analyses,  already  givep^ 
are  niade  to  accord  with  the  atomic  tI)jBory,  as.nurny  the 
results  of  actual  experiments  would  warrant.   The  weights 
of  the  atoms  are  all  compared  with  the  weight  of  an  a|om 
of  hydrogen;  which  is  assumed  as  unity  in  conformity  with 
Mr.  Dalton's  plan.    Every  analysis,  which  was  found  not 
to  accord  with  any  supposidon  of  atomic  combination,  ia 
distinguished  by  an  asterisks   But  in  all  suchcasef,  the 
equiviuent  number  of  the  substance,  under  which  the  analy- 
sis is  pven,  is  assumed;  whilst  the  amount  of  the  body, 
with  which  it  may  combine,  is  calculated  proportionally. 
Reatonifar     It  may  appear  strange  to  the  reader,  that  he  is  introduced 
^tdaec!?'    ^^  *  knowledge  of  the  atomic  theory,  for  the  first  time,  at 
ihe  atointe  >  period  when  the  work  has  considerably  progressed;   and 
theory  at    that  he  has  been  studying  numbers  adjusted  in  conformity 
the  prSent  ^^  a  theory,  about  which  hjc  should  be  presumed  to  know 
wcrk.        nothing.    But  the  object  of  this  coarse  is  easily  explained* 
The  student  could  not,  with  any  prospect  of  advantage,  have 
been  made  acquainted  with  the  atomic  theory  at  the  very 
threshold  of  his  inquiries.    He  is  then  presumed  to  know 
very  litde  of  chemical  science;  and  consequently,  not  to  be 
in  possession  of  the  data,  without  which,  it  would  be  im- 
possible for  him  to  understand  the  subject.    But,  after  h^ 
had  been  made  acquainted  with  these  data  to  a  sufficient 
extent,  by  pursuing  part  of  the  work;  it  became  expedient 
to  bring  forward  the  theory,  in  order  that  the  remainder 
might  derive  every  possible  advantage  from  its  application* 
Nothing  as  yet  has  been  said  of  the  rise  and  progress  of 
the  theory,  which  h^s  just  been  attempted  to  be  described. 


JkOOOlMT  OF  TtfR  ATOHIC  'f  UmiV. 

hippetn  to  be  generally  admitted,  that  the  iifei  of  bodies 
oaitiw  ch^nskally  hf  particles  or  atonns,  was  fihit  suggest- 
ed by  IliggiM  in  1789.  Many  facts  respecting  definite  pro* 
portioBh'  Irefe  afterwards  ascertained  by  Dr.  }•  B.  Richter, 
htwegn  the  3rearB  1792  and  1808.  It  was  this  chemist,  who 
fccovcred^  that,  upon  the  decomposition  of  neutral  salts, 
the  Mraldfig  salts  preserved  a  neutral  state  alsoi  and,  fur- 
tkr,  dmt  whatever  quantities  of  the  acids  were  found  to  sa- 
ttratse  any  particular  salifiable  base,  proportionate  quanti- 
tictf  wduid  saturate  everv  other  base;  and  conversely,  what^ 
ever  qumtities  of  salifiable  bases  were  sufficient  to  saturate 
any  paiticdar  acid,  proportionate  quantities  would  saturate 
tftry  Odier  acid.   These  facts  led  very  directly  to  the  sup- 

Eitioo  of  atomic  combination;  but  it  does  not  appirar  that 
.  Rtchter  drew  any  conclusion  from  them  of  this  kind. 
It  wais  reserved  for  Mr.  Dalton  to  put  forth  die  atomic 
,  supported  by  such  evidences  as  to  render  it  almost 

This  chemist,  who  may  be  considered 
die  author  of  the  theory,  as  early  as  the  year  1803,  began  to 
perceive  many  facts,  which  led  to  the  supposition  of  defi- 
aiie  proportions,  and  atomic  combination;  and,  in  successive 
years,  the  theory  has  been  gradually  matured,  so  that,  at  the 
pesent  time,  it  wears  every  appearance  of  truth;  and,  from 
m  tendency  to  establish  fixed  relations  between  the  numbers, 
eipressive  of  chemical  combination,  may  be  jusdy  reckoned 
one  of  the  most  important  discoveries  yet  made  in  chemistry. 

Having  thus  finished  the  account  of  the  atomic  theory, 
the  reader  may  be  presented,  with  advantage,  with  the 
weights  of  the  atoms  of  each  of  the  undecompounded  pon- 
derai>le  bodies,  as  far  as  they  have  been  ascertained. 

SMement  of  ihe  weight  of  ike  Atom  of  each  of  the  Undecom" 

founded  Ponderable  Bodies.^ 

18.  Tellurium  32*    35.  Mangtneie 

19  PotaMram  40     36.  Ceriam 

SO.  Sodium  S4     37.  UruHOBi 

91,  Lithium 

28.Calchim 

23.  Bariom 

S4w8troDtiom 

85.  M acnetiom 

96.  Yuinim 

87.  Gluoioam 

88  Alumiaum 

89.  Zirooniam 

30.  Thori&am 

31.  Silicum 
38.  Iron 
3&  Nickel 
34.  Cobalt 
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DaUoB, 
however, 
may  be  eao- 
ridered  the 
real  author 
of  the  ato- 
mic theoiy. 


WeifhU  or 

the  atnma 

of  the  on- 

dccom* 

poimded 

ponderable 

boffiet. 


t.  OzTReD 

tCkiorwe 
Ikdiiie 
iPloQcioe 
5.  Aaoite 
o>  njiini|eD 
7.  Carbon 
IBonm 

laam 
11. 

18. 

Uu  Ifalybdcnam 

liTnaaten 

11.  CMamhiaB 

16. 

17. 


8 

36 
185 

14 
1 

6 

18 
16 
47- 


48* 

96* 

146* 

40* 

45* 


32» 

40 

84 

10» 

81* 

70* 

44. 

18' 


8« 


87 
89 


38.  Zine 

39.  Le«l 

40.  Tin 

41.  Copper 
48.  Bismnlh 

43.  MereniT 

44.  Silver 

45.  Gold 

46.  PUtinnm 

47.  PalUdium 

48.  Rhodium 
49.1ridhim 

50.  Oaminm 

51,  Titanium 


88» 

185* 
3S 

104 
59 
64 
71* 

900 

110 

300» 

56* 


*  AV  tke  wnnben  in  the  table  cannot  be  deduced  from  analyiea  dreadj  gf?en; 
Wt  tlM7  wiU  be  confirmed  Iqr  oonpoaiCkNiiy  whiali  wiU  be  Inid  before  tlw  niidi^ 
the  pirop«ai  of  the  work. 


UVM 


1^  COMPOUND  PONDBSABLB  BODIBS. 

BsoK  L       The  weight  of  the  atom  of  those  Bubetances,  whose  cor- 
"yiiioD  IL  relative  number  is  distinguished  by  an  asterisk  in  the  pre- 
ceding table,  is  to  be  considered  as  approximated  only. 
AdTintagH     As  the  numbers  above  given  have  die  same  ratio  to  each 
b' rafi"^  other,  as  the  weighu  of  the  atoms,  which  they  respectively 
leedBK^  represent;  it  must  be  obvious,  that,  whenever  two  bodies 
equiiSent  unite  in  the  simplest  proportion,  they  unite  in  the  ratio  ex* 
ehemied     p^ssed  by  their  equivalent  numbers.  Hence  if  the  equivaf 
boittM.       lent  numbers  be  recollected,  the  ratio  in  which  any  combi- 
nation takes  place  in  the  simplest  manner,  must  also  be 
known*.  For  example,  if  it  be  borne  in  mind,  that  the  equi- 
valent number  for  sulphur  is  16,  and  for  chlorine  36;  tnen 
it  will  be  known  that  if  sulphur  and   chlorine    combine 
in  a  simple  proportion,  it  is  in  the  ratio  of  16  to  36:  again, 
if  it  be  recollected  that  the  equivalent  number  for  ox>'gen 
is  8,  and  that  for  azote  14,  and  also  that  nitric  acid  is  com- 
posed of  1  atom  of  azote  combined  with  5  atoms  of  oxygen; 
then  it  may  be  at  once  deduced,  that,  in  nitric  acid,  the 
azote  is  to  the  oxygen  as  14  to  40. 


DIVISION  II. 


OP  COMPOUND  PONDERABLE  BODIES. 


Some  eom-     Mant  of  these  bodies  have  been  already  described,  when 
pound  bo.   treating  of  the  diflferent  undecompounded  bodies.  Of  course, 
djDotio«di  under  this  bead,  those  compound  ponderable  bodies  only, 
not  heretofore  described,  will  find  a  place. 

It  may  not  be  very  obvious,  why  some  of  these  bodies  are 
described  under  the  undecompounded  bodies;  while  others 
and  for       are  reserved  for  this  division  of  the  work.  Various  reasons, 
vhatrea-    however,  have  operated  in  determining  where  different  com- 
'^*'  pounds  should  stand.    The  chlorides,  iodides,  sulphurets, 

phosphurets  and  carburets,  are  described  under  the  unde- 
compounded ponderable  bodies;  because  their  descriptions 
are  g;enerally  short;  and  by  standing  near  the  bodies  of 
which  they  are  formed,  the  association  of  the  compound 
with  its  roost  important  constituent  is  more  direct  and 
better  preserved.  The  alkaline  and  earthy  salifiable  bases 
are  reserved  for  this  part  of  the  work;  because,  they  are 
important  in  themselves,  and  require  a  separate  description. 
On  the  other  hand,  the  remaining  salifiable  bases  (usually 
called  metallic  oxides)  are  treated  of  under  the  metals  of 
which  they  are  formed;  because,  generally  speaking,  their 
individual  importance  is  not  very  great* 


AMMONIA. 
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The  compound  ponderable  bodies  will  be  treated  of  un-  Caiv.  i. 
der  die  fiDur  heads  of  compooBd 

Salifiable  Bases.  poodenUe 

Acids.  &-: 

Salts*  derfour 

Unsalifiable  Compoundsi  and  will  form  ^®*^ 
the  subjects  of  as  many  chapters.  After  the  chapter  on  acids 
hu  been  completed;  the  term  acid^  in  the  chemical  sense, 
will  be  explained;  and  some  account  will  be  given  of  the 
pnndpks  of  the  classification  of  acids^  pursued  in  the  pre- 
sent work.  These  subjects  will  be  embraced  in  a  separate 
chapter* 


CHAPTER  1. 


OP  SALIFIABLE  BASES. 


The  salifiable  bases  will  be  divided  into  the  three  follow-  SaiifiaU« 

1.  Alkaline  salifiable  bases.  three  cIms- 

II.  Earthy  salifiable  bases.  ^' 

III.  Salifiable  based,  having  neither  alkaline  nor  earthy 
properties. 


CLASS    I. 

ALKAUJfE  SALIFIABLE  BA8E8. 

The  alkaline  salifiable  bases  are: 

1.  Ammonia,         4.  Lithia,  7*  Strontian,  Alkaline 

2.  Potash,  5.  Lime,  8.  Magnesia.  MUfi«bie 

«ej  c     n        J  bases  enu- 

3.  Soda,  6.  Barytes,  merated. 
The>'  will  be  treated  of,  in  the  order  in  which  they  have 

been  enumerated,  in  the  eight  following  sections. 

SECTION  I. 

OP  AMMONIA. 

CommoD  names,  Volatile  AJkali, — Bartthorru 

I.  AxMONiA  may  be  obtained  by  exposing  a  mixture  of  Ammonia; 
three  parts  of  quicklime,  and  one  part  of  hydrochlorate  of  Jj^****^' 
ammonia  (sal  ammoniac)  in  powder,  in  a  retort,  to  the  heat 


IIQ  ALKAIiNB  •M«fl««  BASES. 

Bm  L   of  t  Ismp.  A  gM  b  formed,  which  amst  be  collected  orer 

IMfiitoft  It  mercury*  Thia  gas  is  ammonia* 

■-  II«  Hydrochlorate  of  ammonia  it  a  salt  composed  of 
hydrochloric  (muriatic)  acid,  and  the  substance  under  des- 
cription. By  being  headed  with  lime,  it  is  decomposed;  the 
hydrochloric  acid  forms  with  the  latler  substance,  chloride 
of  calcium  and  water,  while  the  ammonia  is  disengaged. 

^'^^         III*  AoMDonia  i*  obtained,  by  the  maanlacnirer,  by  the 

SieBUMi/  destructive  distillation  of  all  animal  substances  (catcept  fiit), 

fiMtnrcr.  which  have  not  suffered  spiontaneous  decomposition*  The 
substances  generally  employed  are  refose  bones  and  the  pidi 
of  horns*  The  distilled  product  is  an  impure  ammoniai 
pardy  in  a  concrete  state  and  pardy  dissolved  in  water, 
containing  a  portion  of  carbonic  acid  and  some  empyreuma- 
tic  oil*  To  be  obtained  pure,  it  is  first  saturated  witii  anl- 
phuric  acid,  and  then  converted  into  hydrochlorate  of  am- 
monia  by  double  decomposition  with  chloride  of  sodium 
(common  salt).  The  hydrochlorate  is  made  to  jrield  op  its 
ammonia  in  the  manner  just  described* 

DiMOTOTj.  IV.  Thia  gas  was  first  obtained  in  a  pure  state  1^  Dr* 
Priesdey.  Besides  the  names  already  given,  it  fotnteny  had 
several  others;  such  as  spirit  of  urine^  becadse  it  was  ob- 
tained by  the  distillation  of  urine;  and  spirit  ofsattahmomae^ 
because  it  was  sometimes  obtained  from  sal  ammoiuac* 

properties.  V.  Ammonia  is  a  gaseous  substance,  transparent  and 
colourless  like  air.  Its  taste  is  acrid  and  hot;  and  its  smeD, 
exceedingly  pungent.  It  changes  vegetable  blues  to  green* 
When  exposed  to  a  cold  of—  45^,  it  assumes  the  liquid  form; 
but  becomes  a  gas  immediately,  if  the  temperature  be  rais- 
ed. When  passed  through  a  red  hot  tube  it  is  decomposed* 

Spee.  gnT.     VI.  It  is  a  very  nearly  six-tenths  as  heavy  as  common 

""'^     air. 
It  cannot  be     VII.  Ammoniacal  gas  is,  strictly  speaking,  unrespirable: 
theTaDeT  ^^^°  ^^  attempt  is  made  to  draw  it  into  the  lungs,  the 
glottis  closes  spasmodically.    It  does  not  support  combus- 
tion: when  a  lighted  candle  is  let  down  into  it,  its  flame  is 
extinguished;  but,  previously  to  that  effect  taking  place,  at 
the  moment  of  immersion,  it  is  enlarged  by  being  suirouod- 
ed  by  anodier  flame  of  a  pale  yellow  colour,  which  descends 
from  the  top  to  the  bottom  of  the  containing  vessel.  Ammo- 
niacal gas,  although  containing  a  combustible  substance,  will 
Burns  on-  not  bum  in  atmospheric  air;  but  when  expelled  from  a  tube 
K^ST^'    with  a  narrow  orifice,  and  surrounded  by  oxygen  gas,  it 
■uneeton-'bums  with  a  pale  yellow  flame;  water  being  formed  and 
ly*  azote  liberated* 

Combinet       VIII.  This  gas  combines  very  readily  with  water,  and 
and^ibrmT  ^^'^^^'^  ^^  compottud  called  liquid  ammonia* 
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UQUID  AMMONIA.  ^"^'^ 

ITallrf  •fAmmenia  of  the  Ecfiobiir|^  Cdlege. 

U  Tkis  combination  takes  place  whenever  ammoniacal  gas  liqnid  un- 
coaies  in  contact  with  water.  The  union  is  attended  by  aii"'^*' 
locreaac  of  temperature,  as  well  as  of  the  bulk  of  the  water 
oaploycd* 

2.  The  E^nburgh  college  directs  the  following  process,  Liquid  tm- 
br the  preparation  of  the  water  of  ammonia:  To  two  pounds  ^f!^^^ 
of  quickUme,  previously   slaked  by  one  pound  of  water,  for  mUiaa 
9Dd  placed  in  a  retort,  add  one  pound  of  hydrochlorate  of  «m. 
^mmoDit  (sal  ammoniac),  dissolved  in  five  pounds  of  wa« 
ter.  Shut  the  mouth  of  the  retort,  and  mix  the  substances 
by  Station.  Now  distil  into  a  refrigerated  receiver,  with  a 
gentle  heat,  until  twenty  ounces  of  Uqiud  have  been  ab- 
itracted. 

3*  The  above  process  agrees  with  that  given  for  the  pre-  lu  pnp^ 
pSTttiop  of  pure  ammonia;  except  that  the  presence  of  wa-  ^^^ 
ter,  in  the  latter,  causes  the  ammonia  to  come  over  combined 
iridi  that  liauidL 

4»  JUiquid  ammonia  is  the  usual  form,  in  which  ammonia 
II  employed  by  the  chemist.  When  it  is  heated  to  the  tem- 
Mrature  of  ISCP,  the  ammonia  separates  in  the  form  of  gas: 
When  enosed  to  a  cold  of  -^  46  ,  it  crystallizes.  If  sud- 
daily  cooled  to  -—68^,  it  assumes  the  appearance  of  a  thick 
jdly;  having  scarcely  any  smell. 

5.  Liquid  ammonia  is  capable  of  dissolving  the  oxides  of  DiuoWci 
ailrer,  copper,  iron,  tin,  nickel,  zinc,  bismuth  and  cobalt.  ^^^ 
It  deoxidizes  the  oxides  of  mercury,  lead  and  manganese;  deozkUzci 
wster  being  formed,  and  azotic  gas  emitted.  othen. 

6*  Water,  when  saturated  with  ammonia,  contains  670  Compoti- 
tiffles  its  bulk  of  the  gas,  which  amounts  to  about  one-third  ^^Jl  ^  ^'' 

f  •  •    \  .•^.-  ••  1         1  quid  fUDiao- 

of  Its  weight;  and  its  specinc  gravity  is  reduced  to  *875.      na. 

r.  Liquid  ammonia  is  a  very  powerful  stimulant.    It  is  Medie&l 
not  often  given  internally,  because  other  preparations  for^^*^' 
iotemal  use,  are  preferred.  When  applied  to  the  skin,  it  acts  Sia. 
powerfully  as  a  rubefacient,  and  is  used  with  a  view  to  this 
effect  in  chronic  rheumatism  and  in  paralysis.  The  ammo- 
niacal gaa,  which  exhales  from  it,  stimulates  strongly  the  nose 
and  eyes.   When  applied  to  the  nose,  it  constitutes  a  very 
efficacious  stimulant  in  syncope.    It  is  sometimes  applied 
to  the  eyes  in  chronic  ophthalmia. 

IX«  A  mixture  of  ammoniacal  gas  with  oxygen  may  be  Ammoiita- 
fired  by  the  electric  spark.    If  the  oxygen  be  in  excess,  part  ^'  uidozy- 
of  the  ammonia  is  decomposed,  and  nitric  acid  and  water  l^'^lthe 


are  obtained;  the  former  of  which  combines  with  the  un-  «i^^o 
decomposed  portion,  and  forms  nitrate  of  ammonia.  ^^^ 
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BnoK  L  X.  When  pure  ammonia  is  mixed  with  chlorine  gas, 
DivuMon  n.  combustion  takes  place,  and  it  is  partially  decomposed.  The 
£flr..-rts  of  azote  of  the  decomposed  portion  is  evolved:  while  its  hy- 
ed"Ifith  "'  ^^^S^^  combines  with  the  chlorine,  so  as  to  form  hydrocUo- 
ohioriDc.  ric  (muriatic)  acid;  which  then  unites  with  the  undecom- 
posed  portion,  and  forms  hydrochlorate  of  ammonia  (sal 
ammoniac). 
Solphnret  XL  The  sulphuret  of  ammonia  may  be  formed  by  causing 
of  ammo-  ammonia  to  come  in  contact  with  sulphur  in  a  state  of  va- 
^^^  pour.  Its  properties  have  not  been  investigated.        * 

XIL  Ammonia  does  not  appear  capable  of  combining 

with  the  metals.  Whenever  it  appears  to  dissolve  them,  it  is 

after  having  oxidized  them  at  the  expense  of  the  water, 

with  which  it  is  combined. 

Ammonia        XIII.  Ammonia  combines  with  the  oxides  of  gold,  of  sil- 

wlth^xlde  ^^^*  ^"^  ^^  platinum,  and  forms  compounds,  called  fulminat- 

of  SoM,      ing  gold,  fulminating  silver,  and  fulminatmg  platinum. 

^H^^'i^^S.         1.  Fulminating  gold  may  be  prepared  by  dissolving  gold 

gol™       ^in  aqua  regia,  diluting  the  solution  with  thrice  its  weight  of 

water,  and  adding  to  it,  by  degrees,  liquid  ammonia,  as  kmg 

as  any  precipitate  appears.   The  precipitate  thus  obtained 

must  then  be  washed  in  pure  water,  and  dried  slowly  on 

filtering  paper.  It  is  now  fulminating  gold,  or  the  ammo- 

niuretted  oxide  of  gold.  To  prevent  accidents,  the  phial,  in 

which  it  is  kept,  must  not  be  corked;  but  its  mouth  covmd 

with  a  piece  of  linen  or  paper. 

2.  Fulminating  gold  is  a  yellow  powder.  It  has  its  name 
from  the  property  of  exploding  whenever  it  is  violendy 
struck.  The  cause  of  this  property  is  the  sudden  decompo- 
sition of  the  powder.  The  hydrogen  of  the  ammonia  com- 
bines with  the  oxygen  of  the  oxide,  forming  water;  the  gold 
is  reduced,  and  the  other  constituent  of  the  ammonia,  (azote) 
suddenly  assumes  the  elastic  form,  and  gives  rise  to  the 
explosion. 

vith  oxide       1*  Fulminating  silvef  is  formed  by  allowing  liquid  am- 

ofiiWer,     mohia  to  stand  ior  twelve  hours,  upon  the  precipitate  form- 

imniiUDg" '  ed»  "I*  t^c  nitric  solution  of  silver,  by  lime  water.  The  pre- 

•iiTer:        cipitate  must  then  be  separated,  and  dried  in  very  small 

portions  upon  filtering  paper.    It  is  now  fulminating  silver. 

2.  This  powder,  even  when  moist,  explodes  violently 

when  struck;  when  dry,  the  same  effect  is  produced  by  the 

least  touch.  The  explanation  of  its  explosion  is  the  same 

with  that  given  of  the  samie  property  in  fulminating  gold. 

**"\i^*?  !•  Fulminating  platinum  is  formed  by  digesting  the  prc- 
pigtinaro,  cipitate,  formed  in  a  solution  of  platinum  in  aqua  regia  by 
tdrmingfai-  hydrosulphuric  acid  (sulphuretted  hydrogen),  in  nitric  add, 
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miCil  it  is  conTeitcd  into  sulphate  of  platinum:  this  sulphate,   ekir,  i. 

king  dissolved  in  water,  is  then  precipitated  by  liquid  minatlBg^ 
aninonia;  the  precipiute  formed,  after  being  washed,  igP^^i^o™- 
boiled  for  some  time,  with  a  solution  of  potash,  in   a 
Florence   flask,   and   then   separated   by  the    filter.    The 
powder,  thus  obtained,  after  being  washed  and  dried,  con- 
stitutes fulminating  platinum. 

3.  Fulminating  platinum  is  a  brown  powder.  It  does  not 
explode  by  trituration  or  percussion,  but  by  exposure  to 
heat,  very  violendy. 

XIV.  Ammonia  is  composed  of  Ammonia 

Hydrogen        3 — three  atoms.  eompoted 

Azote  14~oneatom.  ^ST 

Giving  1 7  for  the  number  representing  the 
atom  of  this  alkaline  base. 

XV.  The  nature  of  ammonia  was  gradually  developed  by  Diwomy 
tkc  labours  of  Scheele,  Priestley,  and  BerthoUet.  Scheele  ?^^|{^~ 
diacoveredy  that  when  ammonia  is  decomposed  by  certain  **"'^* 
Betnllic  oxides;  the  oxides  are  reduced,  the  gas  disappears, 

and  a  quantity  of  azote  is  found  in  its  place.  Priestley  as*, 
cntuned,  that,  when  heat  is  applied  to  the  peroxides  of 
lead  and  mercury,  confined  in  ammoniacal  gas;  these  oudes 
are  reduced,  water  is  formed,  and,  in  the  place  of  the  am- 
laonia,  a.quantity  of  azote  is  found.  The  results,  obtained 
by  these  chemists,  led  to  the  conclusion,  that  ammonia  is  a 
compound  of  azote  and  hydrogen;  an  opinion,  afterwards 
amply  confirmed  by  Berthollet. 

XVI.  A  galvanic  experiment,  made  by  Berzelius  andAmmmia^ 
Pontin,  gave  reason  to  believe,  at  one  time,  that  ammonia  J^^^'^Jf 
was  composed  of  a  metallic  radical,  united  to  oxygen,  ue  oxide. 
These  chemists  found,  upon  negatively  electrifying  mer- 
cury, in  contact  with  a  solution  of  ammonia,  that  a  globule 

was  produced,  having  the  metallic  lustre,  and  a  volume,  five 
times  as  great  as  the  mercury  employed.  The  conclusion, 
which  they  drew  from  the  phenomena  of  this  experiment, 
was,  that  this  globule  is  an  amalgam  formed  with  some 
metal,  previously  unknown,  and  probably  the  radical  of 
ammonia.  The  experiment  of  Berzelius  and  Pontin  was  re- 
peated, with  the  same  result,  by  Davy;  who  was  inclined 
to  coincide,  in  opinion,  with  diese  chemists,  with  regard  to 
the  nature  of  the  globule. 

The  conclusions,  drawn  from  the  experiments  of  Berzelius 
and  Pontin,  going  to  establish  a  perfect  analogy  between 
all  the  salifiable  bases,  were  received,  rather  favourably, 
by  the  chemical  world.  The  subsequent  experiments,  how- 
ev«-,  of  Gay^Lussac  and  Thenard,  made  with  great  care, 

U 
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jBooKi.   induced  these  chemists  to  conclude,  that  the  supposed 
Dtf Mjon  II.  aamlgam  is,  in  reality,  a  compound  of  mercury  and  am- 

moniai  and,  at  present,  the  general  impression  is  very  much 

in  favour  of  their  opinion* 


SECTION  II. 

OP  POTASH. 
S711.  Pure  KaiL^Camtk  VegHtMe  MtaK. 

PotiA;  I*  The  only  method  to  obtain  potash,  absolutely  pure,  is  to 

how  t)Mafti«  expose  ^ii^  peroxide  of  potassium  to  a  sufficient  heat,  to 

^^"^      drive  off  the  second  dose  of  oxygen,  which  it  contains.   In 

this  way«   perfectly   pure  potash   was  first  obtained,  bf 

Sir  H.  Davy.  For  the  common  purposes  of  the  chemisti 

however,  the  hydrate*  of  potash,  or  potash  pure  in  every 

respect,  elcept  that  of  containing  a  portion  of  water,  in  the 

solid  form,  is  sufficielitly  pure;  and,  when  potash  is  spcAett 

of»  in  any  part  of  this  volume,  it  is  the  hydrate,  which  is 

meant;  unless  otherwise  particularly  specified. 

Hpwob-  II,  Berthollet's  method  for  obtaining  potash,  is  the 

Sle  tute  of  ^O^^'i^g*  ^><  ^y  quantity  of  the  pearl-ash  of  comoaeree, 

hjdrate.     with  twice  its  weight  of  lime,  and  ten  times  its  weight  df 

Water.    Put  the  mixture  in  a  close  glass  vessel;  and  let  it 

stand  for  forty*eight  hours,  shaking  it  occasionally.   Filter 

the  liquid,  and  then  boil  it  rapidly,  in  a  silver  vessel;  until 

upon  cooling,  it  may  be  able  to  assume  the  consistence  of 

honey.  Now  add  to  it,  a  quantity  of  alcohol  (spirit  of  wine) 

equal  to  one-third  of  the  pearl-ash,  originally  employedL 

After  having  shaken  the  whole,  boil  it  for  a  few  minutes, 

and  then  pour  it  into  a  glass  vessel;  which  must  then  be 

tightly  corked.  By  degrees,  the  mixture  separates  into  two 

portions;  the  upper  portion  must  be  decanted  into  a  silver 

basin,  and  evaporated  rapidly,  until  a  crust  form  upon  its 

surface.  It  is  then  to  be  poured  into  a  porcelain  vessel, 

and  allowed  to  concrete.  The  substance,  thus  obtained,  b 

potash. 

The  Uit         III.  The  pearl-ash  of  commerce  is  an  impure  carbonate 

J[2J|2.**'^^  potash.  Now  lime  has  a  stronger  affinity  for  carbonic 

acid,  than  potash  has;  and,  therefore,  in  the  process  just 

given,  it  separates  the  greater  part  of  this  acid  from  the 

pearl-ash.  The  lime  becomes  converted  into  carbonate  of 
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Sne  (chalk),  which  is  insolublr;  ud  th^  peari-aah,  into  m  Gaiv.  i. 
nixture  of  pure  potash,  and  undecomposed  cartioiiBte.  Fil-  -^  ^- 
tration  removes  the  carbonate  of  lime.  Alcohol  possesses  the 
property  of  dissolving  potash,  but  does  not  act  upon  ita 
carbonate.  The  treatment,  therefore,  of  the  filtered  liquid, 
with  alcohol,  results  in  the  formation  of  an  alcoholic  soIup 
tion  of  potash,  free  from  admixture  of  the  carbonate.  This 
solution  swims  on  the  surface,  and  is  separated  by  being 
decanted.  The  rapid  evaporation,  to  which  it  is  afterwarda 
subjected,  drives  off  the  alcohol,  and  leaves  the  potash 
pure. 

IV.  The  Edinburgh  college  directs  the  following  process  Prapum- 
fbr  obtaining  potash:  Evaporate  the  solution  of  potash,*  ^|^^P<>(' 
until  ebullition  cease,  and  the  liquid  flows  like  oil.    Whendkal^iue!^ 
this  happens,  the  water  of  the  solution  will   have  been 
driven  off.    Now  pour  the  liquid  on  a  smooth  iron  plate; 
asd,  before  it  hardens,  divide  it  into  small  pieces,   an^ 
keep  them  in  well  stopped  phials.   The  precaution,  last 
nendoncd,  is  necessary,  to  prevent  the  absorption  of  car- 
Bonre  acid. 

y.  Potash,  obtained  by  either  of  the   processes  last  Properties 
described,  is  a  solid  white  substance,  having  an  unctuous  ^l^^'*'^ 
feet,  and  an  extremely  acrid  taste.  Its  smell  resembles  that, 
vfaicb  is  perceived  during  the  slaking  of  lime.   It  changes 
vegetable  blues  to  green.     It  is  deliquescent  in  the  air. 
After  being  exposed  to  a  red  heat;  it  still  contains  water,  to     ^ 
die  amount  nearly  of  16  per  cent. 

VI.  It  is  about  one  and  three-fourth  times  as  heavy  as  Spec.  j^v. 
water.  '"^^ 

VII.  Potash  dissolves  readily  in  water,  and  forms  a  so-  Poush 
IntioD,  which  wiU  be  called  liquid  potash.  ^^^;^  j;!^ 

LIQUID  POTASH.  quidp;>U.h. 

Water  i^PtHuh,  of  the  Edinburgh  oollege--oominonlj  ealled  Camtic  Lie, 

1.  The  process  of  the  Edinburgh  college,  for  preparing  Liquid  pot- 
this  solution,  is  the  following:  Mix  eight  ounces  of  lime  ■?***•.  *»°?; 
With   twenty-eight  ounces  of  warm  water:   the  lime  will  medieal 
ilake  violently,  and  cause  the  ebullition  of  the  mixture.  As  use. 
soon  as  this  is  over,  add  instantly  six  ounces  of  carbonate 
of  potash  (salt  of  tartar);  mix  the  whole,  and  let  it  stand  to 
cool,  in  a  covered  vessel:  the  carbonic  acid  becomes  trans- 
ferred to  the  lime,  which  is  thereby  converted  into  carbo- 
nate of  lime;  while  the  pure  potash  remains  in  solution. 
After  the  mixture  has  cooled,  agitate  it  well  to  mix  its 


*  Solutioa  of  potMh  it  an  4)ffieinal  pf^»entiony  to  be.  neafiwiart  prelenUy. 
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Book  l  teTcral  partsi  and  then  filter  it  gradually,  from  a  covered 
^P*^^^*°°'*'  glass  funnel,  whose  throat  is  obstructed  bjr.  a  piece  of  dean 
linen,  and  whose  tube  is  inserted  into  a  g^ass  vessel,  to  re- 
ceive the  filtered  product.  As  soon  as  the  liquid  should 
cease  to  drop;  add,  cautiously,  to  the  misture  in  the  funnel, 
a  few  ounces  of  water,  in  such  a  manner,  as  that  the  latter 
may  swim  on  the  surface  of  the  former.  This  addition 
causes  the  liquid  again  to  drop;  and  similar  ones  are  to  be 
repeated,  until  three  pounds  of  the  filtered  liquid  are  pro- 
cured; which  quantity  will  be  obtained  after  the  lapse  of 
two  or  three  days.  The  object  of  the  filtration  is  to  separate 
the  insoluble  carbonate  ot  lime,  which  remains  upon  the 
funnel;  nothing  passing  through  but  the  solution  of  the  potasl^ 
Water  is  directed  to  be  added  occasionally,  until  the  filter- 
ed liquid  shall  amount  to  three  pounds;  in  order  that  the 
solution,  being  intended  for  medical  use,  may  always  be 
prepared  of  the  same  strength.  The  solution  must  be  kept 
in  well  stopped  bottles,  in  order  to  guard  against  the  ab* 
sorption  of  carbonic  acid, 
j^perdei  ^*  Liquid  potash  is  transparent,  and  has  the  consiatcncy 
ofiMuid  of  oil.  It  is  in  this  form,  that  potash  is  usually  employed 
^^^'^"^       by  chemists.    When  it  is  a  saturated  solution,  it  cor^*"^ 

about  two-thirds  of  its  weight  of  potash* 
lu  mcdioa     3.  Liquid  potash  has  enjoyed,  at  various  times, 

siderable  reputation,  as  a  solvent  of  calculi.  It  has,  un- 
'  doubtedly,  relieved  many  cases  of  stone;  but,  in  many 
others,  it  has  totally  failed.  This  diiference,  in  its  eflfects,  is 
explained,  by  supposing  the  existence  of  a  different  kind  of 
calculus,  in  the  various  cases,  in  which  it  has  been  used. 
Modem  chemistry  has  thrown  ^eat  light  on  the  nature  of 
urinary  concretions.  It  has  ascertained  them  to  be  of  a 
great  many  different  kinds.  Some  are  soluble  in  potash,  and 
in  soda;  while  others  dissolve  only  in  the  acids.  Now,  it 
appears,  that  the  solution  of  potash  is  best  suited  to  the 
former  kind;  which  are  found  to  consist  of  a  certain  acid, 
called  by  chemists  uric  acid,  either  alone,  or  combined 
with  ammonia.  To  ascertain  the  nature  of  the  calculus, 
which  may  exist  in  any  particular  case,  it  is  necessary 
to  subject  the  urine  to  a  chemical  examination. 

When  it  is  determined  to  use  the  solution  of  potash,  in  a 
case  of  calculus,  it  must  be  ordered  in  a  very  diluted  state. 
Besides  its  use  by  the  mouth,  it  has  been  proposed  to  injed 
the  solution  into  the  bladder,  in  cases  to  which  an  alkaline 
solvent  may  be  suited.  When  this  is  done,  the  bladder  must 
be  evacuated,  and  washed  out  with  tepid  water.  The  solu- 
tion, made  so  dilute  as  to  admit  of  being  held  in  the  mouth 
without  uneasiness,  is  then  injected  into  the  bladder,  and 
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illowcd  to  remun  there  for  half  an  hour.    After   it  is  Chap,  l 
evKuated,  it  is  to  be  tested  for  the  presence  of  calculous  - 

natter  in  solution. 

VIII.  Potash,  when  not  in  the  state  of  hydrate,  may  be  ¥ot»A 
made  to  combine  with  an  additional  dose  of  oxygen.   It  is  «<;inbinct 
ihns  converted  into  peroxide  of  potassium.  ^;  ^^' 

IX.  Dr.  Thomson  has  recently  ascertained,  that  potash  mmi  with 
ii  capable  of  forming  a  chloride,  ^his  chemist  succeeded,  •hkirhM- 
m  obtaining  it,  by  double  decomposition,  from  a  salt  of  pot- 
ash, and  chloride  of  lime.  The  latter  chloride,  he  found,  to 
conslitiite  the  principal  part  of  Mr.  Tennant's  bleaching  sadt.* 

If  potash,  however,  be  heated  to  redness  in  chlorine  gas; 
chloride  ol  potassium,  and  not  chloride  of  potash,  is  form- 
ed; oxygen  behig  at  the  same  time  evolvc^d.  Potash  suf- 
feiB  a  similar  decomposition,  when  heated  in  contact  with 
iodine* 

X.  Potash  combines,  in  one  proportion,  with  sulphur;  Saiphom 
and  forms  sulphuret  of  potash.  of  po«Mh| 

1.  Solphuret  of  potash,  formerly  called  liver  of  sulphur,  how  ibim- 
may  be  formed,  by  fusing  together,  two  parts  of  carbonate  ^^ 
of  potash  (salt  of  tartar)  and  one  part  of  sulphur.  The  car- 
bonate beoDmes  decomposed;  the  carbonic  acid  is  liberated, 
vhik  the  potash  combines  with  the  sulphur. 

S,  Solphuret  of  potash  is  a  hard  and  brittle  substance,  of  ltt|>ropei<- 
a  fiver-brown  colour.  It  has  a  vitreous  fracture.  Its  taste  is^^* 
acrid,  caustic,  and  bitter.  Its  smell  resembles  that  of  sublim- 
ed sulphur.  It  deliquesces,  and  suffers  decomposition,  in  the 
air.  It  is  very  fusible.  It  has  not  hitherto  been  analyzed. 

XI.  Potash  is  incapable  of  uniting  with  the  metals;  but,  PoUth,  i^ 
when  in  a  state  of  solution,  it  is  capable  of  oxidizing  seve- ' jjjf""* 
nl  of  them.  These  metals  are  zinc,  iron,  tin,  and  osmium,  some  mt- 
It  is  capable  of  dissolving  the  oxides  of  the   following  ^>* 
metals;  namely,  arsenic,  molybdenum,  tungsten,  antimony, 
tellurium,  nickel,  cobalt,  manganese,  zinc,  lead,  and  tin. 

XII.  Potash  is  composed  of  Compon- 

Potassium  40— one  atom.  ^  ^  v^^- 

Oxygen  8— -one  atom. 

Giving  48  for  the  number  represent- 
ing the  weight  of  its  atom. 

XIIL  Potash  decomposes,  almost  instantaneously,  ani- Uses  to  the 
mal  substances  of  all  kinds.  This  property  makes  it  useful  to  "^^'li^^' 
die  surgeon,  for  the  purpose  of  destroying  fungous  flesh,  or 
•acrescences;  and  for  opening  abscesses.  It  is  from  this  ap- 
]dication  of  it,  that  it  is  called,  in  common  language,  caustic. 


•  AmmIi  of  PhikMophr  <Mar.  1819.)  p.  185. 
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OF  SODA. 

ComnKm  namely  CautHc  F099U  MealL'^Cttuttie  Mmtral  JUtaB, 

Soda;  how        !•  SoDA,  absolutely  pure,  was  first  obtaiaed  by  Sir  1 
chtamtd  .  Davy,  by  burning  sodium  in  a  quantity  of  oxygen  gas,  jt 
^^"^'         sufficient  to  convert  it  into  soda.  When  thus  prepared, 
has  a  grey  colour,  and  presents,  when  broken,  Uic  vitreo 
fracture.    For  fusion,  it  requires  a  strong  red  heat.   Wh 
water  is  added  to  it,  it  becomes  solidified;  and  the  soda 
converted  into  a  hydrate.   When  the  word  soda  is  used^ 
chemical  descriptions,  it  is  this  hydrate  which  is  alwa 
meant,  unless  otherwise  specified. 
Howob-         II.  The  best  method  for  obtaining  soda,  pure  in  eve 
the  wJbe  of  Other  respect  than  that  of  containing  water,  is  to  deeompo 
hydnto.     the  soda  of  commerce,  commonly  called  barilla,  which  is 
carbonate  of  soda,  by  means  of  lime;  and  afterwards  to  tre 
the  resulting  mass  with  alcohoL  The  manipulations  of  tl 
process,  and  its  explanation,  are  exactly  similar  to  tho 
given,  when  describing  the  preparation  of  potash. 
Soureetof       II L  Soda  is  obtained  from  several  different  sources 
■^  m  na-  j^^^ir^^  I^  m^y  \^  extracted  from  common  salu  which  is 
compound  of  sodium,  the  radical  of  soda,  and  chlorine, 
is  found,  in  large  quantities,  combined  with  carbonic  aci 
in  Egypt,  and  in  several  other  parts  of  the  world.  Tl 
ashes  of  many  sea  plants,  especially  of  those  belonging  ' 
the  genus  salsola,  yield  it  in  considerable  abundance. 

IV.  Soda  was  confounded  with  potash,  to  which  it  bea 

considerable  resemblance,  until  Du  Hamel,  in  1736,  poin 

ed  out  its  distinguishing  properties.  The  conclusions  of  E 

Hamel  were  afterwards  confirmed  by  Margraff. 

Propertiei       V,  Soda  is  a  greyish  white  solid;  agreeing  exactly  wii 

•tsoda.       potash,  in  taste,  smell,  and  the  action  which  it  exerta  upc 

animal  substances.   It  changes  vegetable  blues  to  green.   . 

is  readily  soluble  in  water.  When  exposed  to  the  air,  it  al 

sorbs  moisture  and  carbonic  acid;   assumes,  at  first,  tl 

consistence  of  paste;    but,  afterwards,  becomes  dry,  as 

crumbles  into  powder.   Under  similar  circumstances,  po 

ash  would  liquefy.  The  different  manner,  in  which  exposui 

to  air  affects  potash  and  soda,  (tffords  a  very  obvious  crit 

rion  for  distinguishing  these  alkaline  bodies. 

Spee.  graT.      VI.  Soda  is  about  one  and  one-third  times  as  heavy  4 

*'^'      water.  It  is,  therefore,  considerablv  lighter  than  potash. 
Sodaeom-       VII.  Soda  is  capable  of  combining  with  an  addition! 
•xjgwr**   dose  of  oxygen;  whereby  it  is  converted  into  peroxide  c 
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so^iuik  This  oxide  has  already  been  described  under  tfie   Oma».  l 
head  of  sodium.  — — 

VJII.  Soda  may  be  made  to  form  a  chloride,  by  double  and  with 
dccompoudon,  between  a  salt  of  soda,  and  chloride  of '^'^"'^ 
Sine.  Phis  fact  has  been  lately  ascertained  by  Dr«  Thom- 
100.*  When,  however,  soda  is  heated  in  chlorine  gas,  it  is 
decomposed,  and  chloride  of  sodium  (common  salt)  be- 
comes fiormed.  Soda  undergoes  a  similar  decomposition, 
when  heated  in  contact  with  iodine* 

IX.  Soda  is  composed  of  Coapon- 

Sodium  34     one  atom.  tioooiMda. 

Oxygen  8— one  atom. 

Giving  33  for  the  number  representing 
the  weight  of  its  atom. 

X.  Soda  enters,  as  a  constituent,  into  many  important  Soda,  a  m- 
chemical  medicines.  Its  medical  properties  will  be  noticed  "^jj^^  of* 
hcRaAer,  as  modified  in  these  combinations.  mcdidnei. 


SECTION  IV. 

OFLrniiA.t 

• 

L  LiTHiA  is  an  alkaline  salifiable  base,  which  has  been  Minerato 
lately  discovered  by  Mr.  Arfwedson  of  Sweden.  It  occurs  ^•^'^{LST 
to  the  amount  of  five  or  six  per  cent,  associated  with  alu- 
mina and  silica,  in  the  mineral  called  pelatile,  where  it  had 
been  previously  mistaken  for  potash.  It  is  present  also,  in 
triphane,  in  the  proportion  of  eight  or  nine  per  cent,  asso* 
ciated  with  alumina,  silica  and  oxide  of  iron;  and  it  con- 
stitutes about  four  parts,  in  the  hundred,  of  green  tourma- 
line Tcrystallized  lepidolite)  where  it  is  present  along  with 
alumina,  silica,  boracic  acid,  and  the  oxides  of  iron  and  of 
Bianganese. 

II.  It  was  discovered  in  consequence  of  its  very  high 
neutralizing  power.  When  saturated  with  an  acid,  in  the 
course  of  the  analysis  of  petalite  by  Arfwedson;  the  calcu- 
lated amount  of  salifiable  base  present,  under  the  supposi- 
tion that  it  was  either  potash  or  soda,  always  produced  a 
gain,  which  was  too  great  to  be  attributed  to  common  sour- 
ces of  error.  The  investigation  of  the  causes  of  this  gain 
resulted  in  the  discovery  of  lithia. 


*  Aniwla  of  PfiikMophy  (Mar.  1819.)  p.  185. 

t  From  fuffitf,  ttooy;  beoauM  thit  alkaline  bate  is  fomitbed  esoMToly  by 

^  mbnisS  kritir*'*"!  wbmw*  potMk  and  aoda  ans  not. 
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Book  L       IIL  Lithia  may  be  obtained  from  its  carbonate  bjr  boit 
Dlviikm  n.  }ng  ^  concentrated  solution  of  the  latter,  along  widi  slaked 
Method  of  lime:  its  carbonic  acid  is  thereby  transferred  to  tbe  lime, 
^i^^  ^  which  becomes  carbonate  of  lime.    This  latter  carbonate  it' 
then  separated  by  the  filter;  and  the  remaining  liquid^  evi- 
porated  to  dryness  in  a  silver  crucible.   The  dry  mass  b 
pure  lithia. 
lu  proper-      IV*  Lithia  has  a  caustic  alkaline  taste;  as  strong  as  thst 
<S«**  of  potash  or  soda.  It  acts  powerfully  on  vegetable  Uues.  It 

remains  dry  in  the  air,  and  dissolves  with  difficulty  in  wa- 
ter. These  circumstances,  as  well  as  that  of  its  formins;  t 
deliquescent  salt  with  nitric  acid,  are  sufficient  to  distu- 
guish  it  from  potash  or  soda. 
Compow-        V.  Lithia  is  composed,  in  whole  numbers,  of 
^<'>*-  Lithium         10— one  atom. 

Oxygen  8— one  atom. 


Giving     18  for  the  number  represent- 
ing the  weight  of  its  atom.* 


SECTION  V. 

OF  UMEj 

CommoD  nftmet  (Quicklime. 

Ume;  hov  L  LiME  may  be  obtained  perfecdy  pure  by  the  foUow- 
obuined  ing  process:  Dissolve  oyster  shells,  reduced  to  powder,  in 
^"^'  acetic  acid  (distilled  vinegar),  and  add  to  the  solution  ob- 
tained, a  solution  of  carbonate  of  ammonia,  as  long  as  any 
precipitate  appears:  oyster  shells  are  an  impure  ciu1>onate 
of  lime;  and  when  they  are  dissolved  in  acetic  acid,  a  pure 
acetate  of  lime  is  obtained;  this  acetate  is  decomposed  by 
the  carbonate  of  ammonia,  and  the  precipitate  which  appears 
is  a  pure  carbonate  of  lime.  Expose  the  carbonate  of  lime, 
thus  obtained,  after  being  well  washed  and  dried,  for  seve- 
ral hours  to  a  white  heat:  the  carbonic  acid  will  be  driven 
off;  so  that  nothing  will  remain  but  the  pure  lime. 

IL  Lime,  in  the  large  way,  for  the  purposes  of  the  arts, 
is  obtained  by  exposing  different  species  of  limestone^  which 
consist  almost  entirely  of  carbonate  of  lime,  to  a  wUte 
heat:  The  carbonic  acid  is  driven  off,  and  the  pure  line 
remains.  This  process  is  called  burning  lime. 
Exitu  III.  Lime  abounds  in  all  parts  of  the  world,  combined 

aaSve?"^^  with  different  acids;  but  it  occurs  most  abundantly  in  the 
form  of  carbonate  of  lime. 


*  AmuOct  de  Clumie  et  de  Fbywiae,  tome  i.  p.  tS,  et  seq.  (Jam.  1119.) 


LV»  line -a «  whUe  auhatancCf  veiy  easily  ifduoed  to  c«4v.  x 
powder.  khas»««bot  bumiqg  ustc,  and  ia  capabk  of  cor- p^^^^J!^ 
mdii^  the  animal  fibre.    It  changes  vegetable  blues  'to  a  of  line. 
graen  ccdoiir,  which  afterwards  becomes  yellow.  When  cx- 
poied  CO  die  open  air,  it  gradually  attracts  moisture  and 
carbonic  acid. 

V.  X.ime  is  about  two  and  one-third  times  as  heavy  aflSpec.  gnw. 
vnten  Its  fusing  point  is  at  a  temperature,  the  highest      ^^* 
that  can  be  raised.    By  subjecting  it  to  the  heat  produced 
fay  the  combustion  of  a  jet  of  oxygen  and 'hydrogen  gaaes^ 
Dr.  CUarke  succeeded  in  fusing  it  into  a  brilliant  limpid 
^aas. 

VL  Lime  forms  two  combinations  with  water;  one  iln^a  lime  forms 
•olid  form,  called  hydrate  of  lime;  the  other  in  the  -U^uid '^^^"JH^. 
ferm,  called  lime-water.  The  hydrate  is  formed,  whifoevjintion. 
water  is  sprinkled  on  lime.    The  lime  swells,  becomos  hoti 
mditliB  to, powder.    The   water  added  exists  in  the  solid 
itate,  combined  with  the  lime.  Ifime-water  will  be  ooiiced 
is  the  following  paragraphs.  \  < 

1.  Lime-water  may  be^prepared  by  throwing  a  quantity  Lime-wa- 
of  lime,  in   powder,  into  pure  water*    After  the  whole  hal^^''*  ^^ 
leosained  for  some  nme,  eloaed  from  the  air,  the  ^ater  ;^ill  ^^^,'. 
kwe  diasolved  as  much  lime. as  it  is  capable  of  holding* 
The  clear  solution,  'after  being  decanted,  is  pure  rliloiey 
water. 

4.  Ume^water  is  a  transparent  and  colourless  Uqbidt  |i08- 
lessing  an  «ustere  acrid  taste.  It  chang«ii  vegetable  blues  to  ^^ 
green.  When  a  perfecdy  saturated  solution,  it  contains,  not 
more  than  ^^th  part  of  its  weight  of  lime. 

3»  Lime-water  appears  to  possess  astringent  properties*  lu  medical 
It  is  «  very  efficacious  antacid  and  anti-emetic.  The  for-  *^'* 
ner  property  makes  it  suited  to  relieve  certain  affections  of 
die.Momach,  attended  with  acidity  and  flatulence.  Its  anti- 
emetic powers  are  very  conspicuous,  when  employed  in  the 
obstinate  vomitings,  attendant  upon  bilious  and  yellow  fevers* 

VIL  Lime  suffers  no  change  by  mere  exposure  to  the  Lime  may 
influence  of  oxygen  gas.    But  it  is,  nevertheless,  capable  of  ^'^'iVi'^'^ 
combining  with  this  supporter,  as  has  been  already  men- 
tioned, under  the  head  of  calcium.  This  compound  is  called 
peroxidcof  calcium.  It,  however,  remains  yet  to  be  proved, 
that  csidized  lime  is  necessarily  an  oxide  of  calcium. 

VIII.  Lime  is  capable  of  combining  with  chlorine.  That  It  forms  a 
this  is  the  case,  is  proved  by  the  result  of  a  recent  analysis  of  ®***^**^ 
Mr.  Tennant's  bleaching  salt,  usually  called  oxymuriate  of 
lime,  performed  by  Dr.  Thomson.  This  chemist  found  it  to 
consist  of  chloride  of  lime,  mixed  with  uncombined  lime. 
Chloride  of  lime,  when  exposed  to  heat,  gives  out  oxvgen, 
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BooiKt    and  is  eoiiTerted  into  chloride  of  cakiam,  (dry  muriat 
Diviiiop  II.  lime).*  Lime  is  capable  of  forming  an  iodide  also. 
Phoipharst      IX.  Phosphuret  of  lime  may  be  obtained  by  the  folloi 
ofUme.      process:  Put  at  the  bottom  of  a  glass  tube,  closed  at 
end,  one  part  of  phosphorus;  and  holding  it  horizont 
introduce  into  it,  nve  parts  of  lime,  in  small  lumps,  so  i 
be  within  about  two  inches  of  the  phosphorus.  Put  the 
across  some  burning  coals,  in  such  a  manntr,  as  that 
lime  may  be  brought  to  a  red  heat,  while  the  phosphor 
comparatively  cold*  As  soon  as  this  is  accomplished,  n 
the  tube  along  the  coals,  so  as  to  escpose  the  phosphoru 
the  heat;  by  which  it  will  be  converted  into  vapour, 
in  this  state,  combine  with  the  lime.  During  the  com^ 
tion^  the  mass  becomes  of  a  glowing  red  heat,  and  a  qua 
of  hydroguret  of  phosphorus  (phosphuretted  hydrogei 
emitted;  which  takes  fire  as  soon  as  it  comes  in  coi 
with  the  atmosphere.  This  phosphuret  has  a  deep  bi 
coloor.  It  falls  to  pieces  when  exposed  to  the  air.  It  ii 
soluble  in  water;  but,  when  thrown  into  this  liquid,  it  ci 
its  decomposition,  and  hydroguret  of  phosphorus  is  evd 
It  has  not  been  analyzea. 
Solpksret     '  X.  Sulphnret  of  lime  may  be  formed  by  heating  its 
stituents  together  in  a  crucible.   It  has  a  reddish  co 
which  becomes  greenish  yellow,  when  exposed  to  the  a 
moistened  with  water.  It  has  not  been  analyzed. 
Une^  wMi      XI.    Lime,  combined  with  potash,  forms  the    offi 
^~*       preparation,  commonly  called  milder  common  caustic. 
cMttie.  1.  The  Edinburgh  college  directs  the  following  pn 

for  preparing  this  compound:  Evaporate  liquid  potash 
lution  of  potash)  in  a  covered  vessel,  to  about  one-t 
After  being  thus  concentrated,  add  to  it  as  much  hydra 
lime  (new  slaked  lime),  as  will  bring  it  to  the  consisi 
of  a  pretty  solid  pap.  The  mass  constitutes  the  caust 
Question.  It  must  be  preserved  in  bottles,  well  closed 
toe  air. 
It!  VMS  to  2«  This  compound  of  lime  with  potash  is  the  caustic 
^^J^'  ally  employed  by  surgeons  for  opening  abscesses,  for  i 
ing  issues,  and,  indeed,  for  most  of  the  purposes,  for  ^ 
a  caustic  is  required. 

Composi-        XII.  Lime,  as  the  reader  has  already  been  informed, 
lime.  Q^j  j^  Qf  ^  peculiar  metal,  called  calcium.  It  is  compos 

Calcium         21— one  atom. 
Oxygen  8— one  atom. 

Giving    29  for  the  number  repre 
ing  its  atom. 

*  Annals  of  Phlloiophj  (Mar.  1S19)  p.  Ite. 
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ZIIL  Lime  is  of  very  great  importance  in  the  arts.  It  Cba*.  i. 
coMtitutea  the  principal  ingredient  in  mortar.  The  best  pro-  iJii^^~^ 
forCKMia  for  this  cement  are  pnodyt 

Fine  sand  3  paru.  t^SSSi 

Coarser  sand  4 

Lime,  recently  slaked,  1 

Water,  a  sufficiency  only  to  mix  the  ingredients* 
Mortar  owes  its  property  of  becoming  hard  to  the  absorp- 
tioii  of  carbonic  acid,  as  well  as  to  the  solidification  of  a 
portion  of  water.  By  means  of  this  property,  as  well  as  that 
of  adhering  strongly  to  brick  or  stone;  it  is  capable  of  join* 
ing  these  substances  together,  as  firmly  as  if  they  had  been 
orupnally  in  one  piece. 

The  addition  of  a  litde  clay  to  this  cement,  gives  it  the 
property  of  hardening  under  water.  Certain  lime  stones 
contain  a  proportion  of  clay;  and  these,  when  burnt,  furnish 
s  very  proper  lime  for  water  mortar.  The  best  water  mor- 
tar, however,  is  composed  of  lime,  and  puzzolano,  a  volca* 
sic  sand  found  in  Italy. 

XIV.  Lime  acts  with  considerable  energy,  as  a  corro-  It  mito- 
live,  upon  the  animal  fibre.  Its  principal  medical  properties,  '*^^' 
when  in  solution,  have  already  been  mentioned,  anid  need 
aot  be  repeated  here. 


SECTION  VI- 

OF  BARYTES.* 

I.  Barytes  may  be  obtained  pure  by  the  following  proi  Baiytet; 
cess:   Expose  a  mixture,  in  a  crucible,  of  eight  pans,  in  ^^  <*«•**■ 
powder,  of  ponderous  spar  (sulphate  of  barytes),  and  one      ******* 
part  of  charcoal  powder,  for  several  hours  to  a  red  heat:  by 

this  treatment,  the  sulphate  of  barytes  becomes  converted 
into  a  sulphuret.  Dissolve  the  sulphuret  in  water,  and  add 
nitric  acid  to  the  solution,  as  long  as  any  precipitate  appears: 
this  acid  combines  with  the  barytes,  and  throws  down  the 
sulphur.  Separate  the  sulphur  by  the  filter;  and  evaporate 
the  clear  liquid,  until  it  form  cr}'stals  of  nitrate  of  bar\  tes. 
Expose  the  crystals,  thus  obtained,  to  a  strong  heat,  gradu- 
ally increased:  the  nitric  acid  will  be  driven  off,  and  the 
barvtes  left  pure. 

II.  Barytes  occurs  native,  only  in  combination  with  sul-  HowftMuid 


*  From  0afvft  heaif ;  od  teeoant  of  the  anutval  weight  of  the  tpAr,from  wkidi 
it  vtt  fint  obtaine^l. 
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Itt-p«op«r- 
ties. 


CorobiDet 


Book  L   pHuiic  or  carbonic  acid,  forming  sulphate  or  cailMmate  of 
DlTirioo  IL  barvtea, 

II L  It  was  discovered  by  Scheelc,  in  1774. 

IV.  Barytes  is  a  porous  substance,  of  a  greyish-white 
colour*  It  is  easily  reduced  to  powder.  It  has  an- acrid,  uri- 
nous taste,  more  caustic  than  that  of  lime.  It  possesses  no 
perceptible  smell.  When  exposed  to  the  air,  it  attracts 
moisture,  swells,  evolves  heat,  and' is  converted- into -a- hy- 
drate. If  the  exposure  be  long  continued,  it  grad^iaUy  at^ 
tracts  carbonic  acid,  and  loses  its  causticity.  It  is  capaUft 
of  decomposing  animal  substances;  but  not  with  as  imich' 
energy  as  potash  or  soda. 

V.  Barytes  is  about  four  times  as  heavy  as  water. 

VI.  Barytes  combines  with  water  in  two  forms:  in  the 
ui!h^dr^  solid  form,  as  a  hydrate;  and  in  the  liquid  form.  The  hjp^ 
ind  as  a  li-  drate  may  be  formed  by  slaking  barytes;  that  is,  by  sprinim 
4^-          ling  it  with  water,  as  long  as  this  liquid  is  absorbed.    TKe 

cold  solution  of  barytes,  when  saturated,  contains  not  m^ftr 
than  one-twentieth  of  its  weight  of  barytes;  but  the  hot  m^ 
lution  is  capable  of  containing  more  than  half  its  weight. 
The  hot  solution,  as  it  cools,  lets  fall  the  barytes,  hn  tlUf 
form  of  transparent  colourless  crystals.  These  crystab*! 
when  exposed  to  the  heat  of  boiling  water,  undergo  the 
watery  Jiiaion^  as  it  is  called;  that  is,  are  dissolved  in  the 
water,  which,  at  a  lower  temperature,  existed,  combined 
with  them,  in  the  solid  form.  If  the  heat  be,  afterwards, 
gradually  increased,  this  water  is  driven  off,  and  the  barytes 
becomes  dry.  When  the  temperature  arrives  at  the  point  of 
redness,  the  dry  mass  melts,  and  flows  like  oil.  But  when 
bar)'tes  is  obtained  by  decomposing  the  nitrate,  it  is  per- 
fectly infusible  in  the  most  intense  heat,  that  can  be  raised* 
This  infusibility  of  barytes,  as  obtained  from  the  nitrate,  is 
supposed  to  be  owing  to  the  absence  of  water. 

VII.  Barytes  is  capable  of  combining  with  oxygen.  This 
compound  has  been  already  noticed  as  peroxide  of  barium. 

VIII.  Barytes  is  capable  of  forming  a  chloride,  as  Dr. 
Thomson  first  ascertained.  This  chemist  obtained  it,  by 
double  decomposition,  between  a  salt  of  barytes  and  chlo- 
ride of  lime.*  When,  however,  chlorine  gas  is  passed  over 
red  hot  barytes;  the  latter  is  decomposed,  oxygen  is  evolved, 
and  the  resulting  compound  is  chloride  of  barium* 

PhiMpharet      IX.  Phosphuret  of  barytes  may  be  formed  by  heating  its 

of  birytet.  ingredients  together,  in  a  tube,  closed  at  one  end.    A  rapid 

combination  takes  place,  and  the  phosphuret  is  formed.  It 

is  a  brilliant,  very  fusible  substance  of  a  dark  brown  col'cSQr. 


Combines 
also  with 

oxygen; 
and  with 
chlorine. 


*  Annals  of  Philosophy,  (Mar.  1S19)  p.  1S5. 
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WbordiroirB  into  water,  it  decomposes  HHin  liquich  the   Coat.!. 

bydrogtn  of  which,  combining  with  part  of  the  phosphorus, ^ 

hms  hydroguret  of  phosphorus,  which  inflames  as  soon  as 
it  comes'  in  contact  with  the  air;  while  the  osygen  of  the 
viter,  combining  with  the  remaining  phosphorus,  forms 
phosphoric  atcid. 

X.  Sulphuret  of  barytes  may  be  formed,  by  melting  its  Solphmwt. 
oostimcnta  together  in  a  crucible.  A  red  heat  is  required 
or  die  fosion.  It  has  a  reddish-yellow  colour,  and  no 
mdL^When  exposed  to  the  air,  or  dissolved  in  water,  it 
fecomns  decomposed;  and  hydrosulphuric  acid  (snlphuret- 
ed  hydrogen)  is  evolved. 

XL  Barytes,  as  has  been  already  mentioned,  is  an  oxide  Comtko- 
•f  a  pecnKar  metal,  which  has  been  called  barium.  Its  exact  ^^^^' 
omposition  has  not  been  ascertained  by  any  direct  experi- 
defiCiB 

XII.  Barytes  acts  as  a  very  violent  poison  on  the  human  fiarytea,* 
fstem.  The  effects  of  the  chloride  of  barium  have  already  P«*<»- 
ecu  noticed;  and  the  cases,  in  which  it  has  been  used  as  a 
ncdichie,  pointed  out.  It  does  not  appear,  however,  that 

ay  codipound  has  been  used  medicinally,  in  which  barytes 
ssts  ready  formed. 

XIII.  In  cases  of  poisoning  by  bar}*tes,  Orfila  recom-iuMtidou. 
acnda  thtf  swallowing  of  large  quantities  of  some  sulphate; 

^udi  as  of  sulphate  of  soda  (Glauber's  salt)  or  of  sulphate 
)f  magnesia  (Epsom  salt).  In  this  way,  he  proposes  to 
brm,  in  the  stomach,  a  sulphate  of  barytes;  which,  from 
ts  great  insolubility,  may  be  considered  as  nearly  inert. 
Afterwards,  in  case  vomiting  does  not  take  place  sponta- 
Mously,  he  recommends  that  it  should  be  encouraged  by 
the  usual  methods.* 


SECTION  VII. 

OP  STRONTIAN.t 

I.  Strontian  may  be  obtained  pure  by  the  following  StrontUn; 
process:  Dissolve  the  mineral  called  strontianite  (carbonate  ^''J^^" 
of  strontian)  in  nitric  acid:  this  acid  will  displace  the  car- 
bonic acid,  and  dissolve  the  strontian.  Evaporate  the  nitric 
lolution,  until  it  form  crystals  of  nitrate  of  strontian;  and 


J. 


*  Nanerede't  abridgment  of  Orfila  on  Poisons,  p.  170. 
So  called,  from  hating  been  ftnt  found  in  the  lead  mint  of  Strontian,  in  Ai 
cakirey  SeoUand. 
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Book  I.  expose  them  to  a  red  heat:  the  nitric  acid  will  thereby  b 
Divkjonll.  Jnyen  oflF,  and  the  strontian  left  pure. 
How  found.     II.  Strontian  has  been  found,  heretofore^  only  as  a  sul 
phate,  or  a  carbonate.  It  was  discoveredf  in  1791,  by  Di 
Hope. 
Propertiet      III.  Strontian  is  a  porous  substance,  of  a  greyish-whiti 
^■crond-  colour,  and  possessing  an  acrid  taste.  It  converts  vegetabl 
Uues  to  green.  It  attracts  moisture  and  carbonic  acid.  It  L 
not  poisonous;  and  acts  but  feebly  upon  animal  substances 
It  tinges  flame  of  a  lively  purple  colour.  It  resembles  ba< 
rytes  in  many  respects;  but  it  may  be  distinguished  from  th 
latter,  by  the  colour,  with  which  it  tinges  name;  and  by  it 
salts,  which  are  very  different  from  those  of  baryte8« 

IV.  Strontian  is  between  three  and  four  times  na  heav] 

as  water. 

StroBtiaa        V.  Like  the  other  alkaline  salifiable  bases,  strontian  n 

AfM  mS'ii  ^P^''^^  ^'  existing  in  two  states  of  combination  with  water. 

NliitioB.     The  hydrate  may  be  formed,  bv  sprinkling  strontiw  witl 

water.    Tlie  strontian  swells,  becomes  hot,  and  £dls  tc 

powder,  exactly  as  barytes  does.  The  cold  solution,  whci 

saturated,  contains  not  more  than  Tfr^^l  P^^  ^f  its  weight  bi 

strontian.   Barytes  is,  therefore,  much  more  soluble  thai 

strontian*    The  hot  solution,  however,  contains  a  rnucl 

larger  quantity;  and,  as  it  cools,  it  lets  fall  the  strontian  ii 

the  form  of  crystals.    Crv-stallized  strontian  is  fusible  at  i 

red  heat;  but,  when  obtained  from  the  nitrate,  it  is  infusl 

ble.  The  fusibili^  of  the  crystals  is  supposed  to  be  owin| 

to  the  presence  of  water. 

Ma]r  be  to-      VI.  Thenard  has  recently  ascertained,  that  strontian  ii 

peroziifised  capable  of  being  peroxidized.  This  combination  has  alread] 

been  noticed,  under  the  name  of  peroxide  of  strontium. 
Farmia  VII.  Chloride  of  strontian  may  be  formed,  by  double 

onuffvie.  decomposition,  from  a  salt  of  strontian,  and  chloride  ol 
lime,  as  Dr.  Thomson  has  lately  ascertained.*  When, 
however,  chlorine  gas  is  passed  over  strontian,  at  a  red 
heat,  the  latter  is  decomposed,  oxygen  is  evolved,  and 
chloride  of  strontium  is  formed.  Iodine  combines  with 
strontian,  always  without  decomposition. 
C<MnpQti-  VI I L  Strontian,  as  the  reader  has  already  been  inform- 
ftrootSan.  ^^i  ^^  ^^  oxide  of  a  peculiar  metal,  which  has  been  called 
strontium.  Its  exact  composition  has  not,  as  yet,  been  as- 
certained by  any  direct  experiment. 

IX.  Strontian  has  no  uses,  either  in  medicine,  or  the 
arts. 


*  AmuasorPhilMophy,  (Mar.  1819)  p.  1S5. 
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SECTION  VIII. 

OF  MAGNESIA. 

(Usnallj  wiled,  Caidmd  Moignena.) 

L  M ACKKiiA  may  be  obtained  pure,  by  dissolving  suIp 
phate  of  magnesia  (Epsom  salt)  in  water,  and  precipitating  ^ow  obtja- 
the  sedation  by  potash.  The  poush  combines  with  the  sol-     '^^' 
plrartc  add,  and  remains  in  solution;  while  the  magnesiay 
being  insoluble,  falls  in  the  form  of  powder. 

Ill  Magnesia  is  obtained,  by  the  apothecaries,  by  es-Hmrob- 
posing,  in  a  crucible,  carbonate  of  magnesia  (common  mag^  ^"^"^  Air 
iMsia)  for  several  hours,  to  a  red  heat.  The  carbonic  acid*^*^**' 
U  dirreby  driven  off,  and  the  magnesia,  left  pure.   From 
the  nature  of  this  process,  magnesia  is  very  frequendy  called 
cdcined  magne9ia. 

IIL  Uncombined  magnesia  has  been  found  at  Hoboken,  How  tand. 
ia  New- Jersey;  but  it  is  a  very  rare  mineraL  The  stones, 
idach  contiun  magnesia,  have  certain  external  characters, 
bf  wUch  they  may  be  known.  They  have  an  unctuous  feel, 
ft  greenish  colour,  a  fibrous  texture,  and  a  silky  lustre. 
Toe  snlta  of  magnesia,  which  occur  native,  are  the  sulphate, 
carixmate,  and  borate. 

IV.  Magnesia  was  first  introduced  into  medicine,  at  the  Diaeoreiy. 
begimung  of  the  last  century.    Its  preparation  was  kept 
secret;  but,  notwithstanding,  it  was  discovered,  that  it  was 
present  in  the  lixivium,  remaining  after  the  preparation  of 
nitrate  of  potash  (nitre).  It  was,  however,  confounded  with 

nae,  by   most  chemists,  until   Dr.   Black   published   hi9CheiDieai 
operiments  upon  it,  in   1755.    The  conclusions  of  this  ^JJJJ^* '^ 
chemist   were  confirmed,  and  extended,  by  Margraff,  inbyBUck. 
1759;  and  by  Bergman,  in  1775. 

V.  Magnesia  is  a  very  soft,  white,  insoluble  powder;  lu  proper, 
possessing  very  litde  taste,  and  not  the  least  smell.    It  ties, 
converts  delicate  vegetable  blues  to  green.    When  exposed 

to  the  air,  it  absorbs  moisture,  and  carbonic  acid;  but  this 
ftbsorption  goes  on  exceedingly  slow. 

VI.  Magnesia  is  about  two  and  one-third  times  as  heavy  Speo.  gnr. 
ss  water.    It  is  infusible,  when  exposed  to  the  strongest      ^^ 
beat,  which  can  be  raised  in  a  furnace.  But,  by  subjecting 

it  to  the  heat,  produced  by  the  combustion  of  a  stream  of 
oxygen  and  hydrogen  gases.  Dr.  Clarke  succeeded,  with 
great  difficulty,  in  fusing  it  into  a  white  enamel. 

VII.  Magnesia  is  decomposed,  at  a  red  heat,  by  chlo- 1*  deoom- 
rine;  and  its  metallic  radical  magnesium  becomes  converted  ^^^^1!? 
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Book  I.    into  a  chloride.  It  combines  with  iodine,  however,  withoi 
^*^^'*^^-  decomposition. 

Suipharet       VIIL  Phosphuretof  magDQsii  km  never  been  former 

of  masiie-   But  the  sulphuret  may  be  obtained  by  heating  gently,  in 

"^  crucible,  one  part  of  8ul(>hur^  and  two  parts  of  magnesia*  i 

is  in  .the  form  of  a  yellow  powder,  slightly  agglutinating 

When  thrown  into  water,  it  causes  the  evolution  of  a  sma 

quantity  of  hydros ulphuric  acid  (sulphuretted  hydrogen). 

CompoM-         IX.  Magnesia,  like  all  die  odier  alkaline  ^ifiable  baaci 

lion  of  mag- is  n  ntietaliic  oxide.  Bur  the  proportion,  in  which  its  coi 

stitueoDs  unite,  has  «iot  been  experimentally  ascertained. 
Its  medical      X.  Magnesia  is  a  v«ry  'valusifole  medicine.  Its  effects  ai 
us^  those  of  an  antacid  anid  gentle  aperient.    For  removin 

acidity  of  (iie  stomach,  it  acts  more  promptly,  and  vil 
less  inconvenience,  dian  carbonate  of  magnesia  (commo 
magnesia). 

Theoiauof     Having  finished  the  account  of  the  alkaline  aalifiabl 

iS!ibie\r*  ^^^^^9  i^  i*  **o^  proper  to  inform  the  reader,  what  proper 

les,  charac  ties,  possessed  in  common  by  these  bodies,  constitute  th 

terized.      basis  of  their  arrangement  into  one  class.  The  usual  divi 

sion  of  the  salifiable  bases,  is  into  alkalies,  alkaline  earth 

earths,  and  metallic  oxides.  Now,  instead  of  the  two  fin 

of  these  classes,  the  class  of  alkaline  salifiable  baiea  ha 

been  substituted.  Barytes  and  lime  do  not  stand  well,  sepa 

rated  from  potash  and  soda;  for  they  possess  the  distincnv 

properties  of  the  latter,  although  in  a  less   degree.  Th 

same   remark,    with   very   litde   variation,  wiH   apply   t 

strontian.    Magnesia  appears  to  be  on  the  line,  betwee 

alkaline  and  earthy  salifiable  bases;  but,  having  the  powe 

of  changing  some   vegetable  blues  to  green,  it  has  bee 

associated  with  the  former. 

So  that  the  common  property,  possessed  by  the  alkalln 
salifiable  bases,  is  that  of  changing  vegetable  blues  t 
green.  Besides  this  property,  these  bodies  have,  nearly  all 
an  acrid  taste,  and  act  as  a  caustic  upon  the  skin. 


CLASS    II. 
EARTHY  SjatLIFMBLE  BASES. 


liUirtky  saii-     The  earthy  salifiable  ba<ves  are  the  following  bodies: 
liable baMs,  1,  Yttria.  3.  Alumina.  5.  Thorina* 

cmimera-  ^  Glucina.  4.  Zirconia.  6.  Silica. 

They  will  be  described,  in  the  order  in  which  they  hav< 
been  enumerated,  in  the  following  sections. 


vmiA.  }^ 

CaiF.  X. 
SECTION  I. 

OP  TTTRIA  .• 

I.  Yttria  may  be  obtained  from  the  mineral,  called  Yttria; 
gadolinite,  which  is  a  compound  of  this  salifiable  base  and  ^^p^'^' 
ulica,  combined  with  the  protoxides  of  cerium  and  of  iron, 
by  the  following  process:  Digest  the  mineral  in  aqua  regia, 
as  long  as  any  thing  is  dissolved;  and  evaporate  the  sola* 
toon  obtained,  nearly  to  dr)'nes8.  Then  filter  it,  and  dilute 
it  with  a  considerable  quantity  of  water:  by  these  measures, 
the  silica  is  separated.  Evaporate  the  liquid,  as  it  now 
stands,  to  dryness;  heat  the  dry  mass  to  redness,  and 
afterwards  redissolve  it  in  water,  and  filter  the  solution 
formed.  To  this  second  solution,  add  liquid  ammonia:  a 
powder  immediately  ialls,  which  i^  composed  of  oxide  of 
cerium,  and  yttria.  Dissolve  this  precipitate,  after  having 
been  heated  to  redness,  in  nitric  acid;  and  evaporate  the 
sedation  to  dryness,  in  order  to  remove  any  excess  of  the 
acid*  Dissolve  the  dry  mass  in  150  times  its  weight  of 
water,  and  add  crystals  of  sulphate  of  potash  to  the  so- 
IttUon:  after  the  lapse  of  a  few  hours,  as  the  crystals  gra- 
dually dissolve,  the  oxide  of  cerium  precipitates,  in  the 
form  of  a  white  powder.  Separate  the  oxide  of  cerium,  by 
the  filter;  and  add,  to  the  clear  solution,  liquid  ammonia. 
This  addition  throws  down  a  powder;  which,  after  being 
separated,  washed,  and  heated  to  redness,  is  pure  yttria. 

IL   Besides  in  gadolinite,  yttria  has  been  found,  in  the  Minerals, 
mineral  called  ytirocerite,  associated   with  lime,  thorina,  ^^'J*^^J^ 
oxide  of  cerium,  and  hydrofluoric  (fluoric)  acid;   and  in 
yttrotantalite,  in  combination  with  columbium. 

III.  Yttria  was  discovered,  in  1794,  by  Gadolin. 

IV.  Yttria  is  in  the  form  of  a  fine,  white  insoluble  pow-  Propertiet 
der,  destitute  of  taste,  or  smell.  It  produces  no  change  ^^"^ 
upon  vegetable  blues.  It  is  insoluble  in  alcohol,  or  in  pot- 
ash or  soda;  but  it  dissolves  in  the  carbonates  of   these 
alkaline  bases. 

V.  It  is  nearly  five  times  as  heavy  as  water.   It  is  the  Spec;  gnr. 
heaviest  of  the  earthy  salifiable  bases.  *^^ 

VI.  Yttria,  as  has   already  been  mentioned,  is  a  com- ^ompofi- 
pound  of  a  peculiar  metal,  which  has  been  called  yttrium,  ^°°' 
and  oxygen.  But  the  exact  proportion,  in  which  its  consti- 
tuents unite,  has  not  been  ascertained. 

*  From  Ytterbj,  the  name  of  h  quarir  in  Sweden;  where  the  roinentU  from 
▼hieh  Tttria  was  nrat  obtained^  «at  found. 

Y 
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SECTION  (1. 


OF  GLUeiNA.* 

GiQeioas,         L  Glucima  may  be  obtained  from  the  beryl  or  the 
^^^J^^*  emerald,  ia  which  it  is  combined,  principally,  with  silica 
and  alumina,  by  the  foUowijug  process:  Reduce  thie  atone  to 
powder,  and  fuse  it  with  three  tiroes  its  weight  of  potasL 
After  the  mass  has  been  diluted  with  water,  dissolve  it  in 
hydrochloric  (muriatic)  a^id,  and  evaporate  the  aolulion 
formed  to  dryness.  Treat  the  dry  mass  with  a  large  quan- 
tity of  water,  ^nd  throw  the  whole  upon  a  filter:  the  g^ 
cina,  and  alumina,  in  the  sute  of  solution  in  hydrochloric 
acid,  pass  through;  while  the  siUca,  which  constitotca  moie 
than  half  the  stoncy  remains  behind,  retained  by  the  filter* 
To  the  clear  solution,  thus  obtained,  add  carbonate  of  po^ 
ash  (salt  of  tartar),  as  long  as  this  salt  produces  any  wedr 
pitate:  this  resent  will  throw  down  the  glucina  ud  dn- 
mina,  in  a  state  of  mixture.    Dissolve  the  precipitate  llina 
obtained,  afiu:r  being  v^ashed,  in  sulphuric  add;  add  to  the 
solution  formed,  siUphate  of  potash;  and  then  evapqiatc  it 
to  a  proper  consistency,  and  let  it  stand  to  crystaUixe: 
crystals  of  alum  will  form,  which  will  contain  the  wboic  of 
the  alumina.  Separate  the  crystals  from  the  solution;  and, 
to  the  remaining  liquid,  add  a  solution  of  carbonate  of  am- 
monia, in  excess.   Then  filter  the  whole,  and  boil  it  for 
some  time.  A  powder  gradually  falls,  which  consists  of 
glucina. 

II.  Glucina  has  been  found,  heretofore,  only  in  the  beryl, 
and  the  emerald.  The  beryl  is  found,  particularly,  in  Siberia; 
the  emerald  comes  chiefly  from  Peru. 

III.  Glucina  was  discovered,  in  1798,  by  Vauquelin* 
.  IV.  Glucina  is  in  the  form  of  a  soft,  light,  white  powder, 

destitute  of  taste,  or  smell.  It  is  insoluble  in  water,  or  al- 
cohol; but  dissolves  in  solutions  of  potash  or  soda. 
Sp«p-jP^^*      V.  It  is  very  nearly  three  times  as  heavy  as  water# 
Compou-        ^^'  Glucina  is  an  oxide  of  a  peculiar  metal,  which  h» 
UoD.  been  named  glucinum.   Its  exact  composition,  however,  is 

not  known. 


In  what 

minermli 

found. 


Iti  proper- 
Uet. 


*  From  ykvn^,  swtet;  on  Meonntof  the  sweet  taite  of  the  uJtth  wVkk  k 
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SECTION  III. 

OF  ALUBflNA.* 

Gdnunon  naaie^  ArgiL-^Pta^  Citoy. 

L  AlMuUtK  may  be  obtained  by  the  following  process:  AiamiiM; 
Diasohre  alum,  which  is  a  compound,  principally,  of  sul-  ^  obuin- 
phuric  acid  and  alumina,  in  water;  and  add  to  the  solution,     ^^' 
liquid  ammonia,  as  long  as  any  precipitate  appears:  the 
greater  part  of  the  sulphuric  acid,  present  in  the  alum, 
combiiies   with   the  ammonia,  and  remains  in    solution; 
while  a  small  remainder  of  it  falls  in  combination  with  the 
domiiia*   Wash  the  precipitate,  thus  obtained,  in  a  large 
quantity  of  water;  and  then  heat  it  strongly  in  a  platinum 
crociUe:  the  small  portion  of  sulphuric  acid  present  is 
thereby  driven  off,  and  the  alumina,  obtained  pure. 

IL  Alumina  exists  very  abundandy  native.  It  constitutes  EziiiaiD 
a  large  amount  in  all  clays,  and  exists  in  a  great  number  of  ^*y*- 
aincrals* 

III.  The  discovery  of  alumina,  in  a  pure  state,  is  very  Ae«oant  of 
Buch  cowiected  with  the  investigations,  made  by  chemists,  '^'  ^"^^ 
istD  the  nature  of  alum.  This  latter  substance  was  early  ^^^' 
known  to  contain  sulphuric  acid,  and  an  earth.  This  earth 

was  supposed  to  be  lime,  by  Stahl  and  Neumann.  This 
supposition  was  proved  to  be  incorrect,  in  1728,  by 
Geoffroy,  junior;  who  identified  it  with  the  earth,  which 
exists  so  abundantly  in  clay.  In  1754,  Margraff  confirmed 
the  conclusions  of  Geoffroy,  obtained  the  earth  in  tolerable 
purity,  and  described  its  peculiar  properties.  Since  that 
time,  its  nature  has  been  fully  investigated  by  M acquer, 
Bergman,  Scheele,  and  Saussure,  junior. 

IV.  Alumina  is  a  fine  white  powder,  destitute  of  taste  Properties 
or  smell.   It  adheres  strongly,  when  applied  to  the  tongue,  of  •>«»»■• 
It  is  insoluble  in  water;  but  dissolves  readily  in  solutions  of 
potash  or  of  soda.    When  exposed  to  heat,  it  suffers  con- 
traction. At  low  temperatures,  this  contraction  is  probably 
owing  to  the  dissipation  of  moisture;  but,  at  high  ones,  it 

takes  place  also,  without  losing  any  sensible  weight.  In  the 
latter  case,  the  increase  of  density  mav  be  accounted  for  by 
supposing  a  more  intimate  union  of  the  particles  of  the 
alumina. 

V.  Alumina  is  about  twice  as  heavy  as  water.  When 


*  From  ahanefit  the  Latin  for  alum,  the  substanoe  from  whloh  it  was  irit  ob^ 
tSMd  in  a  atite  if  purity;  te  ealled  bf  Mofveas. 
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Book  I.    exposed  to  the  violent  heat,  produced  by  the  combastion  of 
DivirioB  11  charcoal,  by  means  of  a  stream  of  oxygen  gas;  it  undergoes 
the  commencement  of  fusion,  and  is  converted  into  a  very 
hard,  semi-transparent  enamel. 
Hf  Urate  of      VI.  Alumina  combines  with  water,  in  the  form  of  a 
alumina,     hydrate.   It  is  always  in  this  state,  when  precipitated  from 
solution  in  acids.    In  the  state  of  dry  hydrate,  it  is  capable 
of  absorbing,  and  retaining,  about  two  and  a  half  times  its 
bulk  of  water.    It  exists,  in  the  state  of  hydrate,  in  the  mi- 
neral calltd  wavellite. 

VII.  Alumina,  in  combination  with  peroxide  of  iron, 
forms  the  yellow  paint,  called  yellow  ochre. 

VI I I.  When  alumina  is  heated,  with  either  potash  or 
soda;  a  loose  mass  is  formed,  destitute  of  transparency^ 
When  dissolved  in  solutions  of  these  alkaline  bases,  it  may 
be  precipitated  from  them,  by  means  of  an  acid.  Alumina 
is  usually  obtained,  in  a  state  of  purity,  by  this  method. 

Conpoii-        IX.  Alumina  is  a  compound,  as  the  reader  has  already 
tionofaltt-  ^een  informed,  of  oxygen,  and  a  peculiar  metal,  which  hu 
been  named  aluminum.  But  the  proportion,  in  which  its 
constituents  are  combined,  has  not  been  correcdy  ascer- 
tained. 

X.  Alumina  constitutes  the  chief  material  in  China  and 
stone-ware  of  all  kinds.  In  dyeing,  and  in  calico-printings 
it  is  of  indispensable  utility. 


SECTION  IV. 

OF  ZIRCONIA.^ 

Ziroonia;  I.  ZiRCONiA  may  be  obtained  from  the  zircon,  or  the 
how  obtaiB- hyacinth,  both  of  which  minerals  arc  composed  almost 
entirely  of  zirconia  and  silica,  by  the  following  process: 
Fuse  the  pulverized  stone,  in  a  crucible,  with  three  times 
its  weight  of  potash.  Wash  off  the  potash,  by  means  of 
water;  and  treat  the  residue  with  hydrochloric  (muriatic) 
acid,  as  long  as  this  acid  dissolves  any  thing:  the  hydro- 
chloric acid  will  dissolve  the  zirconia,  and  leave  the  silica 
untouched.  But,  lest  the  hydrochloric  solution  should  con- 
tain some  silica,  boil  it  for  some  time;  whereby  any  of  this 
earthy  base,  which  may  be  present,  will  fall  in  a  state  of 
powder.  Aftt  r  having,  in  this  way,  freed  the  acid  solution 

*  From  srcoR,  the  name  of  tha  itODO,  Trom  whieb  thit  •alifiable  bate  waa  fi^it 
obtained. 


THORINA.  .Mj 

•f  the  zirconia,  from  silica;  add  to  it  liquid  potash:  the  cbap.  L 
potash  instantly  separates  the  acid,  with  which  it  remains  "'' 

in  scdution;  while  the  zirconia^  in  a  pure  sute,  precipitates 
ID  the  form  of  a  powder. 

II.  Zirconia  has  bet-n,  heretofore,  found  only  in  two  lo  what 
minerals;  the  zircon  and  the  hyacintli.  The  former  usually  SJ!^^ 
comes  from  Ceylon;  the  latter  is  found  in  the  same  island, 

sod  also  in  France,  and  other  parts  of  Europe.  It  was  dis- 
covered, in  1789,  by  Klaproth. 

III.  Zirconia  is  in  the  form  of  a  fine  powder,  of  a  white  lu  proper* 
colour,  and  harsh  feel.    It  is  destitute  of  taste  or  smell.   It^^ 
produces  no  effect  upon  vegetable  blues.   It  is  insoluble  in 
water,  alcohol,  or  in  solutions  of  potash  or  of  soda;  but 
dissolves  in  solutions  of  the  carbonates  of  these  alkaline 

bises. 

IV*  Zirconia  is  more  than  four  times  as  heavy  as  water. 
Its  fusing  point  is  lower  than  that  of  any  other  earthy  sali- 
iable  base.  It  may  be  softened  by  the  heat  even  of  a  good 
iwrge. 

V.  Zirconia  is  capable  of  forming  a  hydrate.  It  always  Krdntfl  of 
exists  in  this  state,  when  obtained,  by  precipitation,  from  '^■'<<"^*- 
lolution  in  acids,  and  dried  slowly,  at  a  moderate  heat. 
When  thus  combined  with  water,  it  has  a  yellow  colour; 
ind  a  certain  degree  of  transparency,  which  gives  it  some 
resemblance  to  gum  arabic. 

VI.  Zirconia  has  been  ascertained  to.  be  an  oxide  of  aComposi- 
peculiar  metallic  substance,  which  is  called  zirconium;  but^'^".*^"*'* 
Us  exact  composition  has  not  been  made  out. 


SECTION  V. 

OF  THORINA.* 

I.  Thorina  may  be  obtained  from  the  minerals,  con-  Thorina; 
taining  protoxide  of  cerium  and  y ttria;  by  the  following  ^^^^*^" 
process:  Dissolve  the  mineral  in  aqua  regia;  and,  after  hav- 
ing saturated  the  filtered  solution  with  liquid  ammonia,  add 
to  it  succinate  of  ammonia,  as  long  as  any  precipitate  may 
appear:  the  succinate  of  ammonia  will  throw  down  the  iron. 
Separate  the  iron  by  the  filter,  and  add  to  the  clear  solution, 
sulphate  of  potash:  this  addition  will  precipitate  the  oxide 
of  cerium.  After  the  oxide  of  cerium  is  separated;  add,  to 
the  remaining  solution,  liquid  ammonia:  this  addition  throws 

*  From  77br,  tlie  name  of  aa  aocient  SoaadinaTian  4«tT. 
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Book  I.  down  diorioa,  in  m  state  of  mixture  With  yttrls*  For  ibe 
gvMioniL  purpose  of  Bcparating  the  yttria;  dissolre  the  preci|dtace 
m  hydrochloric  (muriatic)  acid,  evaporate  the  solution 
to  dryness,  and  treat  the  dry  mass  with  boiling  waten  the 
washing  with  boiling  water  will  remove  nearly  all  tlie  yttria. 
Dissolve  the  part  of  the  mass,  not  acted  upon  by  the  water, 
in  hydrochloric  acid,  and  evaporate  the  solution^  until  it  be- 
come exactly  neutral;  then  treat  it  with  water,  and  bdil  fer 
an  instant:  the  small  remainder  of  yttria,  present,  will  remain 
in  solution;  while  the  pure  thorina  will  fiedl  in  the  form  of 
a  powder. 
Where  II.  Thorina  has  been  heretofore  detected,  only  in  certma 

found.        mincrrals  of  Sweden.  It  was  discovered  in  1815  by  Ber^ 

zelius. 
Ito  proper-       III.  Thorina,  when  first  separated  by  the  filter,  is  a  g** 
^^  latinous  semitransparent  mass.  When  dried,  it  becomes  of 

a  white  colour.  When  exposed  to  the  air,  it  absorbs  carbo* 
nic  acid.  Its  specific  gravity  has  not  been  aseertained*  It 
does  not  fuse  when  exposed  to  the  highest  heats,  whidi  can 
be  raised;  but  contracts  in  its  dimensions,  and  acquires  a 
certain  degree  of  translucency. 
SoDpowd  IV.  Thorina  is  presumed,  by  Berzelius,  to  be  a  metallie 
^)^*|^^  oxide.  To  ito  hypothetical  radical,  this  chemist  has  (ivon 
the  name  of  thormum. 


SECTION  VI. 

OF  SILICA.* 

Silica;  how      I.  SiLicA  may  be  obtained  pure  by  the  following  pro- 
^^"^     cess:  Fuse  together,  one  part  c^  pounded  flint,  and  three 
parts  of  potash,  in  a  crucible:  this  fusion  will  render  the 
whole  soluble  in  water.    Dissolve  the  mass  in  water;  and 
add,  to  the   solution,  hydrochloric  (muriatic)  acid,  suffi- 
cient to  saturate  the  potash;  and  then  evaporate  to  dryness* 
The  dry  mass  consists  of  silica  and  chloride  of  potassiuail 
(muriate  of  potash):  the  chloride,  being  soluble,  may  be 
washed  off  by  means  of  a  large  quantity  of  water;  so  thai 
nothing  will  remain  but  pure  silica. 
Tn  what  mi-     II.  Silica  is  the  ingredient  most  abundantly  present,  in 
^1^^  ^^'  stony  bodies.  Flint  is  composed,  almost  entirely,  of  silica. 
All  those  rocks,  which  are  called  quartz,  owe  their  pecu- 
liarities to  the  presence  of  this  earthy  base;  which  consti- 
tutes by  much  the  greater  portion  of  diem. 


*  From  Siltx,  the  Latin  word  for  flint. 
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IIL  All  thove  stones,  which  are  capable  of  being  fused,  Cbaf.!. 
into  a  glass,  with  potash  or  soda,  were  formerly  called  vi-  ita  peeuiiir 
trifiaUe  stones.  They  were  considered  to  derive  their  pecu-  nature  m> 
liar  properties  from  the  presence  of  a  ceruin  earth,  which  ^^'^^^ 
was  called  silicious  earth*    The  existence  of  such  an  earth 
vaa  afterwards  called  in  question;  and  certain  chemists  as- 
serted^ that  it  might  be  converted  into  other  earths*  These 
dotibta,  however,  were  afterwards  removed  by  Scheele  and 
Bergman;  who  established  the  peculiar  nature  of  silica,  be- 
yond all  further  controversy. 

IV«  Silica  is  a  white  powder,  having  a  harsh  feel;  but  Progertiet 
no  taste  or  smelL  It  is  insoluble  in  all  die  acids,  except  the  ^'^^• 
hydrofluoric  (fluoric);  with  which  it  forms  a  compound, 
having  acid  properties.  It  is  soluble  in  solutions  of  potash 
or  of  soda.  It  produces  no  change  upon  vegetable  blues. 
It  is  found  native,  crystallized,  under  the  form  of  rock 
cryataL  It  has  been  crystallized  artificially;  but  the  crystals, 
thus  obtained,  have  not  the  hardness  and  beau^  of  those 
farmed  by  nature. 

V.  Silica  is  about  two  and  two-third  times  as  heavy  as  Spte.  mv. 
water.  It  is  exceedingly  infusible:  by  the  agency  of  the  most     ^^^ 
intense  heats,  which  can  be  raised,  only  minute  portions  of  it 
can  be  brought  into  a  state  of  fusion.  It  is  perfecdy  insoluble 
in  water,  unless  when  newly  precipitated;  and  even  then,  it 
lequires  1000  times  its  weight  of  this  liquid,  to  dissolve  it. 
Vl.  When  silica  is  dissolved  in  solutions  of  potash  or 
of  soda,  and  either  of  these  alkaline  bases,  saturated  with  an 
acid;  upon  evaporating  the  solution,  the  silica  will  assume 
the  form  of  a  gelatinous  mass;  which  becomes  a  white  pow- 
der, when  dried.   Silica  combines  with  these  alkaline  bases  Silica  forms 
also,  by  fusion.  When  the  alkaline  base  exceeds  the  silica;  ^»«  hy^- 
the  compound  is  soluble  in  water:  on  the  other  hand,  if  the  p^i|['oi' 
lilica  be  in  excess;  the  compound  is  insoluble,  and  consti-  kn1«« 
tates  that  useful  substance  called  glass. 

1.  Glass  is  a  very  hard,  brittle,  transparent  substance;  Gfawidcf- 
fiisible  at  a  strong  heat,  when  it  becomes  exceedingly  due-  ^"^^* 
tile.  It  becomes  electric  by  friction.  It  is  insoluble  in  wa- 
ter, alcohol^  and  in  all  the  acids,  except  the  hydrofluoric 
(fluoric). 

3.  Glass  is  of  several  kinds.  The  principal  of  these  are 
known  by  the  names  of  flint  glass,  crown  glass,  and  bottle 
glass.  Flint  glass  is  the  dearest,  most  transparent  and  beau- 
tifuL  Besides  sand  and  soda,  it  contains  red  oxide  of  lead 
and  peroxide  of  manganese.  The  finest  and  most  cosdy 
vessels  and  ornaments  of  glass  are  made  of  this  kind. 
Crorvn  glass  is  composed  of  soda  and  fine  sand;  it  is  used 
for  window  glass.  BottU  glass  is  made  of  soda  and  com- 
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Boos  I.    inon  sand,  li  is  the  cheapest  and  most  common  of  all  the 
Difiaon  II.  kinds  of  glass.  Its  green  colour  is  owing  to  the  presence  of 

oxidized  iron. 
AnneaUns  3.  All  vessels,  of  any  thickness,  made  of  glass,  require 
deieribed.  iq  be  exposed  to  a  red  heat,  and  then  gpradually  cooled 
to  the  temperature  of  the  atmosphere.  The  purpose,  to 
be  answered  by  this  exposure,  is  to  prevent  the  brittleness, 
which  glass  always  acquires,  when  suddenly  cooled;  and 
which  is  supposed  to  depend  upon  an  unequal  contraction 
of  the  diflfercnt  strata  of  its  particles.  The  unequal  contrac- 
tion is  entirely  prevented,  when  the  glass  is  graduaUy  cod- 
ed. This  process,  for  guarding  against  the  brittleness  of 
glass,  is  called  annealing. 

VIL  Silica  and  alumina,  when  mixed  and  exposed  to  t 
very  strong  heat,  are  converted  into  a  kind  of  opaque  glass. 
These  earthy  bases  constitute  the  chief  part  of  porcelaia, 
stoneware,  bricks  and  similar  substances.  Different  days 
are  made  up,  principally,  of  a  mixture  of  alumina  and  siUca. 
Cenpoti-  VI I L  Silica,  as  the  reader  has  already  been  informed,  is 
tioncfaUiM.  gn  oxide  of  a  peculiar  substance,  which  is  usually  classed  as 
a  metal,  called  silicum.  It  is  composed  of 

Silicum  8 

Oxygen  8-— one  atom. 

Ti 

If  the  accuracy  of  the  data,  upon  which  the  above  ana- 
lysis is  founded,  could  be  depended  upon;  then,  supposing 
silica  to  be  a  compound  of  one  atom  of  each  of  its  consti- 
tuents, the  weight  of  an  atom  of  silicum  would  be  8;  and 
that  of  an  atom  of  silica,  16. 


DeftnitioQ  The  account  of  the  earthy  salifiable  bases  being  thus  fi- 
of  theelaunigiied;  it  is  now  proper  to  inform  the  reader,  what  distinc- 
Hiifiuble  tive  properties,  possessed  in  common  by  these  bodies,  form 
the  basis  of  their  arrangement  into  one  class.  These  bodies 
were  treated  of,  in  a  separate  class,  long  before  it  had  been 
suspected,  that  they  were  chemically  constituted,  in  the  same 
manner,  as  the  compounds,  usually  called  metallic  oxides; 
and  they  have  continued  to  be  associated  together  ever 
since,  from  the  influence  of  habit.  Perhaps,  without  much 
want  of  precision,  the  earthy  salifiable  bases  might  be  de- 
fined, to  be  oxides  (not  having  alkaline  properties)  of  metals, 
which  occur  in  nature,  always  combined  with  oxygen.  Such 
a  definition  might,  indeed,  include  several  of  the  metallic 
oxides,  (so  called);  but  the  want  of  any  precise  marks,  by 
which  to  distinguish  the  earthy  salifiable  bases,  from  some 
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of  Ae  bodies,  usually  called  metallic  oxides,  has  already   Cbap.  t 
been  noticed,  as  an  imperfection  in  the  arrangetnent,  whicn  " 
Ins  been  Adopted* 


CLASS  III. 
SJLIFIJIBLE  BMES, 

mAWiMG  WEtTHER  ALKALINE  NOR  EARTHr  PROPERTIES^ 

Salifiable  bases,  which  have  neither  alkaline  nor  earthy  SiiifiiWc 
properties,  include  nearly  all  the  oxides  ot  the  foUowingtbh^*;fJ^'* 

metals,  ^iz:  are  the  ox- 

klet  of  eer- 

h  Irm.  7,  Zino.  Id.  Silver.  19*  Otroium.  Uid  meUla; 

«.  Viakd.  8.  Lead.  14.  Gold.  SO.  liuniiim. 

a.  CdMlL  0.  Tin.  15.  Platinum.  91.  Antimony. 

4  JJMfinfif.  10.  Copper.  16.  Palladiam.  SS.  TeUunum. 

S.  CeriaiB.  11.  Bismuth.  17.  Rliodium. 

9l  UnoioB.  18.  Mercarj.  18.  Iridium. 

If  the  arrangement,  adopted  in  the  preseiit  work,  had 
been  pursued  with  attention  to  rigid  accuracy;  the  descrip- 
tion of  these  oxides  ought  to  have  been  postponed  for  this 
place.  But  several  good  reasons  conspired  to  dissuade  from 
the  adoption  of  such  an  arrangement.  The  alkaline  salifia- 
ble bases  are  too  important,  to  be  described  under  the  me- 
tals, of  which  they  are  the  oxides.    The  earthy  salifiable 
bases  had  been  long  considered  as  simple  substances;  and 
arranged  accordingly  by   themselves*   This    circumstance, 
taken  in  conjunction  with  the  importance  of  some  of  them, 
made  it  expedient  to  give   them   a  separate   consideration. 
No  such  reasons,  however,  exist  in  favour  of  the  measure 
of  separating  the  oxides,  which  are   neither  alkaline  nor 
earthy  in  their  properties,  from  the  metals,  of  which  they 
are  formed.   Accordingly  these  oxides  have  been  described 
under  the  heads  of  their  respective  metallic  radicals:  and  ^^'gjJJ^,.^ 
they  are  taken  up  again,  in  this  place,  only  for  the  sake  of  ^enemiij, ' 
perspicuity;  and  to  enable  the  reader  to  take   a  complete  "*^'^P'*®« 
view  of  aU  the  salifiable  bases. 

Of  the  metals,  which,  by  their  combinations  with  oxygen,  ?[***.  "^'^Jlj: 
give  rise  to  the  formation  of  salifiable  bases  of  the  third  |hi,ch«M 
class,  seven  appear  to  be  capable  of  forming  but  one  oxide;  arcv.  ry  va- 
namely,  zinc,  bismuth,  silver,  palladium,  osmium,  aniimo- [jJJ."' I,",j^jj, 
ny*  and  tellurium:  three  are  capable  of  forming  three  ox- bie power. 
ides;  namely,  manganese,  rhodium  and  tittnium;  and  all 

*  In  thia  ftatement,  the  woixl  oxide  is  used  in  the  atrict  sense.   Of  course  anti- 
■MnioQB  acid  and  antimoiuo  add  are  not  included  under  its  meaning. 

z 
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BooE  L  the  rest,  but  two  oxides.  The  oxides  of  zmc,  bismuth  and 
DjTiMon  il.  siiyer  have  the  salifiable  property  in  a  very  perfect  degree. 
As  far  as  the  oxide  of  palladiam  is  known,  it  does  not  seem 
to  possess  the  salifiable  power  in  any  remarkable  degree. 
No  experiments  have  proved  that  oxide  of  osmium  is  not 
salifiable;  and  yet  it  is  not  known  to  enter  into  the  compo* 
sition  of  any  ssdt:  in  strict  propriety  it  ought  not  to  stand* 
here.  Oxide  of  antimony  enjoys  the  property  of  neutraliz- 
ing acids,  only  in  a  slight  degree;  and  requires  almost 
always,  in  its  saline  combinations,  to  be  associated  with  a 
second  base.  Oxide  of  tellurium  possesses  the  properties  of 
an  acid,  more  than  those  of  a  salifiable  base;  it  enjoys  but 
a  very  imperfect  neutralizing  power. 

Of  the  metals,  which  combine,  in  three  proportions  with 
oxygen,  the  middle  oxides  are  not  known  to  be  salifiable. 
The  remaining  oxides,  included  under  this  class  of  sa- 
lifiable bases,  are  very  various  in  their  salifiable  property. 
The  protoxidf  s  and  peroxides  of  iron,  of  nickel,  of  manga- 
nese, of  cerium,  of  uranium,  of  tin,  of  mercury,  of  gold,  of 
platinum,  and  of  titanium,  are  both  salifiable;  but  not  in 
equal  degrees  for  all  these  metals.  Of  tin  and  mercury, 
both  the  oxides  possess  the  salifiable  property  in  nearly 
equal  degree;  but  the  oxides  of  the  former  metal,  have  little 
affinity  for  acids.  Of  all  the  other  metals,  just  enumerated, 
except  gold  and  platinum,  the  protoxides  combine  with 
acids,  with  the  greatest  facility.  With  regard  to  the  oxides 
of  gold,  there  is  some  doubt  whether  the  protoxide  is  sali- 
fiable; at  least,  this  oxide  enters  into  but  one  known  salt. 
Of  the  oxides  of  platinum,  the  peroxide  seems  to  be  the 
most  readily  salifiable.  Of  some  of  the  metals  which  have 
been  enumerated,  as  furnishing  the  salifiable  bases  of  this 
class,  the  protoxides  only  are  salifiable.  This  is  the  case 
with  cobalt  and  lead;  for  the  peroxides  of  these  metals  do 
not  enter  into  the  composition  of  any  salt.  On  the  other 
hand,  the  peroxides  of  copper  and  rhodium,  appear  alone  to 
be  salifiable;  while  their  protoxides  do  not  possess  this  pro- 
perty. With  respect  to  iridium,  too  little  is  known,  to  ena- 
ble a  decision  to  be  made,  with  regard  to  the  relative  sali* 
fiable  power  of  its  oxides. 


With  this  general  account  of  the  salifiable  bases  of  the 
third  class;  the  consideration  of  the  whole  of  the  salifiable 
bases,  is  completed.  Supposing  that  all  the  oxides  of  the 
metals,  which  furnish  the  third  class  of  salifiable  bases. 


SAUFIABLB  BASES,  NOT  ALK AUNB  OR  EARTHY.  i  yg 

were  rrally  known  to  enter  into  the  composition  of  some    Cbap.  i. 
salt;  then  the  total  number  of  salifiable  bases  of  all  kinds 
would  be  54:  namely, 

8  Alkaline  salifiable  bases; 
6  Earthy  salifiable  bases;  and 
40  Salifiable  bases  having  neither  alkaline,  nor  earthy 
properties. 

Upon  taking  a  general  view  of  the  salifiable  bases,  it  is 
very  readily  perceived  that  these  bodies,  in  chemical  nature, 
bear  a  very  exact  analogy  to  each  other;  being  all,  with  the 
exception  of  ammonia,  metallic  oxides.  They  are  all  solids, 
the  same  substance  excepted.  A  comparative  view  of  their 
properties  may  be  seen  in  the  following  tables. 
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TJBLE  OF  THE  SALIFIABLE  BASES. 

aAVIKB  KBItBEa  AI.XALINS  W0«  BARVsr  pnofBitriMS, 


NAMES. 

COLOUR 

COMPOSITION. 

H 

1.  Pnitoude  cf  Iron 

Ulack, 

nxrgei. 

4»— one  Btom. 
a— onextom. 

4.  Pcroiidt  »I  Iron. 

Ited. 

Iron 
Oiyi-en 

Si— three  «'m.i. 

3.  PrawiMe  of  Nitkel. 

\ib-srej. 

\ickd 

S— /.rip  iitofu. 

i.Pero.i<le  of  Nickel. 

Bluuk. 

Ni.kcl 

-24— lUi-e.  :i(onLi. 

S.  Prouiiide  of  Cob«1|. 

Blue. 

C.bul, 

A— ont'  Ilom. 

BI,Gk. 

Ox,  gen 

ii— " 

OliTe-green. 

M«iif»ncie 
Uxjgen 

ft— OhE  >tOIO.' 

Bl.ck, 

Oxygen 

Si— tlirectoiii.. 

9.  Peroxide  of  M*nganr«. 

Oiygeo 

i»— one  atom. 
16— two  ■tont. 

10.  ProWiKle  of  Cciium. 

WIdle. 

II.  PerotUJe  of  Cerium. 

Iteddiih- 
trown. 

la-ProWiiileflftlraniuiEii 

'    Grevi  ill- 
black. 

Uraniom 

'  sZ^!)etl2m'. 

13.  Peroxide  of  Urauiurn. 

Yellow. 

(Ix.ge,. 

'ii— lliree  mo  ma. 

1*.  OiideofZiM. 

While. 

Zico 
Dijgen 

3.1-one  4..on,. 

S— 111,'  mIoiu. 

IS.  Protoild«iifU*). 

Ycllo». 

llivKen 

i— oiieainm. 

16,  Peroiide  of  Le»d.» 

Fle.-brown. 

U^tgen 

10— l.oaliw. 

17.  ProloiideofTln. 

Jlark^rej. 

IMygetl 

'l-'Z  llZ: 

la.  Permidc  of  Tin. 

Yellow. 

O.ygen 

isZ?!.''',  Vi'Zs 

19.  Vrotniide  of  Copper.' 

"Vellow. 

Copper 
IJlVeen 

8— oni-Mcm. 

SO  Peroxide  itf  Copper. 

DlieL 

Copper 
O.jijen 

(14 — Dill-  Wran, 
16— iwojilom.. 

ei.  Oxide  of  Bimulh. 

Vdlow. 

UnKsn 

ft— one  atom. 

S3.  Proloxide  of  Mfrttory 

Bliek. 

""K"' 

ft— oi.«  nlom. 

i3.  PfifliiilE  of  Mercury. 

r£ 

l)\\  g-n 

■aid— flne  atom. 
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T^BLE  COM'CLUDBB. 


NAMES. 

COLOUR. 

COMPOSITION. 

Weight 
of  an 

atom  uf 
eaek. 

B  of  SilTer. 

Dark  oliTe- 
hrown. 

Silver 
Oxygpn 

110— one  atom.             1 
8— one  atom.             1 

118 

side  of  Gold.* 

Green. 

Gold 
Oxygen 

90O— one  atom. 
8— -oue  atom. 

908 

side  of  Gold. 

Reddish, 
brown. 

(^iold 

flOO— one  atom. 
S4— three  atoms. 

SSi 

oxide  of  Platinum. 

Deep^black. 

kide  of  Platinum. 

Dark, 
bruwn. 

e  of  Palladium. 

Chesnotp 
brown. 

PaUadium 
Oxycen 

8— one  atom. 

64 

>iide  ot'  Rhodium.* 

Blaek.   , 

1 

oxide  of  Uhodium.t 

Brown. 

side  of  Rhodium. 

Red. 

aoude  of  Iridium. 

ixide  of  Iridium. 

e  of  Osmiura.t 

Semi-trans- 
pai-cnt. 

nude  of  Titanium. 

Blue,   or 
purple. 

oxide  of  Titanium. t 

Red, 

xide  of  Titanium. 

White. 

e  of  Antimony. 

1         Dirty 

1         white. 

e  of  rellurinm.$ 

Wlutc. 

Tellurium 
Oxygen 

32— one  atom. 
8— one  atom. 

40 

*  It  is  duuhtful  whether  these  oxides  are  salifiable. 

^  These  oxidt-s  art  not  known  to  be  salifiable. 

§  l*bis  oxide  is  salifiable  only  in  an  imperfect  degree. 
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CHAPTER  n. 


OF  ACIDS. 

Aoidty  ar-       The  acids  will  be  arranged  in  five  clases;  each  class  em- 
SiS^'nlMitrfi  Placing  acids,  characterized  as  follows: 

Class  I.  Acids,  whose  bases  form  acid  compounds  widt 

oxygen  or  hydrogen  indifTerently. 
Class  II.  Acids,  whose  bases  form  acid  compounds  widi 

oxygen  only. 
Class  III.  Acids,  whose  bases  form  acid  compounds  widi 

hydrogen  only- 
Class  IV.  Acids  of  irregular  constitution. 
Class  V.  Acids,  in  which  oxygen  and  hydrogen  are  bodi 

present. 


CLASS  I. 


AddsoTthe 
flratdan 
cnamcn* 
tod. 


ACIDS,  WHOSE  BASES  FORM  ACID  COMPOUJ^DS  WTtB 
OXTGEJ^  OR  HTDROGEJiT  UyDIFFEREJ^TLT. 


Acids  belonging 

1.  Chloric  Mid. 
8.  Oxyehlorio  aoid. 
S.  Hydroehlorifi  aeid. 

4.  lodie  acid. 

5.  Hydnodio  add. 

These  acids  will 


to  this  class  are  the  following: 

6.  Sulphuric  add.  11.  Selenie  add. 

7.  Sulphurous  add. 

8.  Hyposulphurouf  add. 

9.  Hjrdrosulphuric  acid. 
10.  Uydrosulphurous  add. 

be  described  in  the  following  sections. 


12.  Hydroielenle  Mid. 

IS.  Tellurie  add. 

14.  Hydrotdlurie  add. 


Chlorine  forms  two  acids  by  combining  with  oxygen; 
namely,  chloric  acid  and  oxychloric  acid.  These  acids 
will  be  noticed  in  the  two  following  sections. 


Chloric 
add;  how 
obtained. 


SECTION  I. 

OF  CHLORIC  ACID. 

Former  chemical  name,  Hyperoxymuriatic  Acid. 

L  Chloric  acid  may  be  obtained  by  adding  diluted  sul- 
phuric acid  to  a  solution  of  chlorate  of  barytes,  as  long  as 
any  precipitate  should  appear:  the  sulphuric  acid  combines 
with  the  barytes,  so  as  to  form  an  insoluble  sulphate  of  ba- 
rytes.  Remove  the  insoluble  sulphate  by  the  filter;  and  the 
remaining  liquid  will  be  a  solution  of  chloric  acid  in  water. 


OXYCHLORIC  ACID.  |g5 

IL  Berthollet  first  obtained  chloric  acid,  without  being  Caip.  IT. 
avare  of  its  nature,  in  a  state  of  combination  with  potash,  Aeewmtor 
I7  passing  a  current  of  chlorine  gas,  through  a  solution  ofiudiseoiTe- 
carbonate  of  potash.  He  suspected  that  the  substance,  which  ^' 
became  combined  with  the  potash,  was  different  from  chlo- 
rine (then  called  oxymuriatic  acid);  although  the  manner 
in  which  the  experiment  was  conducted,  naturally  led  to  a 
cootrary  belief.  Chenevix  afterwards  confirmed  thesuspicioa 
of  BerthoUet,  that  the  substance  which  became  united  with 
the  potash,  was  not  chlorine;  and  was  right  in  the  compo* 
sition  which  he  assigned  to  it;  if  the  circumstance  be  ex- 
cepted, that  he  adopted  the  then  prevailing  opinion  with 
regard  to  chlorine,  that  it  was  a  compound  of  oxygen  and 
hydrochloric  (muriatic)  acid.    Gay-Lussac,  however,  firat 
obtained  the  acid  in  a  separate  state,  in  1814,  by  the  pro- 
cess just  described. 

III.  Chloric  acid  is  a  colourless  liquid,  destitute  of  smell,  Iti  proper- 
unless  when  concentrated;  and  possessing  a  very  acid  taste*  ^^' 

It  reddens  vegetable  blues;  but  after  its  action  has  conti* 
nued  for  several  days,  it  destroys  them  entirely.  It  is  not 
altered  by  exposure  to  light.  When  exposed  to  a  gentle  heat, 
it  may  be  concentrated,  so  as  to  assume  an  oily  consistency; 
but  when  subjected  to  a  strong  heat,  part  of  it  becomes  de- 
composed into  oxygen  and  chlorine;  while  the  remainder 
distils  over  without  alteration.  It  does  not  possess  the  pro- 
perty of  precipitating  metals  from  their  solutions.  It  dis- 
solves zinc  rapidly,  with  the  emission  of  oxygen  gas;  but 
it  acts  feebly  upon  mercury.  Its  specific  gravity  has  not 
been  ascertained.  It  combines  with  salifiable  bases,  and 
fonns  a  genus  of  salts  called  chlorates,  formerly  called,  hy- 
peroxymuriates. 

IV.  Chloric  acid  is  composed  of  Oompcwi- 

Chlorine  36 — one  atom.  ^°- 

Oxygen  40 — five  atoms. 


ing  its  atom. 


Giving    76  for  the  number  represent- 


SECTION  II. 

OF  OXYCHLORIC  ACID. 

I.  OxYCHLORic  ACID  may  be  obtained  by  the  following OxyehlorU 
process:  mix  200  grains  of  strong  sulphuric  acid  with  50 '^^J^]' 
grains  of  chlorate  of  potash;  so  as  that  the  whole  may  form 
a  yellow  coloured  mass:  a  violent  chemical  action  will  take 
place  between  the  constituents  of  this  mixture.    As  soon  as 

2  A 
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Book  I.    tlu8  action  is  over;  expose  the  mass  to  heat,  until  its  ytUo\ 
DivUuu  H.  colour  disappear:  by  this  exposure  to  heat,  the  mass  be* 
comes  a  combination  of  the  acid  under  description, 
potash;  rendered  impure,  however,  by  admixture  of  bisul-— 
phate  of  potash.    Dissolve  the  mass  in  water,  a^d  let  i^ 
stand  to  crystallize::  all  the  bisulphate  of  potash  will  sepa- 
rate in  crystals;  so  that,  after  these  are  removed,  what  re- 
mains wUl  be  a  pure  solution  of  oxychlorate  of  potadi^' 
Distil  this  solution,  in  a  retort,  mixed  with  its  own  weig^r 
of  sulphuric  acid,  at  a  heat  of  280^:  the  oxychlorate  of  pot- 
ash becomes  decomposed;  sulphate  of  potash  is  formed^ 
and  oxychloric  acid  distils  over. 
Oiseoreiy.      II.  Oxychloric  acid  was  lately  discovered  by  Count  Von 
Stadion;  by  whom  it  was  obtained  by  the  process  just  des- 
cribed, 
lu  proper-      HI*  Oxychloric  acid  has  been  but  very  imperfectly  exa- 
ti^aot      niined.  None  of  its  properties  have,  as  yet,  been  ascertained* 
"^   ^         The  only  salt,  into  which  it  is  known  to  enter  as  a  consti- 
tuent, is  oxychlorate  of  potash. 
Compoii-        IV.  Oxychloric  acid  is  composed  of 
*^®"'  Chlorine         36— one  atom. 

Oxygen         56— seven  atoms. 

Giving    92  for  the  number  representing 
its  atom.* 


Chlorine  forms  but  one  acid  with  hydrogen;  namely,  hydro- 
chloric acid.  This  acid  will  be  described  in  the  follow- 
ing section. 

SECTION  III. 

OF  HYDROCHLORIC  ACID. 

Usotl  oheroical  name.  Muriatic  Acid,  Old  names,  Marine  Jicid-^Spirit  rf 

Sea  Soli, 

Hydrochio-  I.  Htdrochloric  ACID  may  be  obtained  by  distilling,  in 
how*obuin-*  ^^^^^  ^^  the  heat  of  a  lamp,  a  mixture  of  equal  parts  of 
ed.  chloride  of  sodium  (common  salt)  and  liquid  sulphuric  acid. 

As  soon  as  the  mixture  is  made,  a  violent  effervescence  en- 
sues. The  gas  which  is  extricated  is  at  first  mixed  with 


•Dr.  Thomicm  calls  this  aeid  perchUric  acid.  But  I  hare  not  followed  him 
1!^?"  P*™J"**n^bccansc  bts  prefix  ]»er  mav  lead  to  amhigui^.  Should  ehlorio 
Sr^S??'  "••'S^a^J'  ^  ^  "^^^^  "^  oomWmg  with  aH^roxidixed  haae;  Uie 
Ilks-K  S***^  ***  formed,  would  he  a  perchloraie.  Now  Uiis  is  die  very  name, 
whush  would  properij  helong  to  a  salt,  formed  by  Dr.  Thomson*!  peicUorie 
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•taoipberic  air,  and  should  be  allowed  to  escape.  After  the  Cahp.  tl 
hpM  of  a  few  minutes,  the  fjjxre  gaseous  product  may  be 
coBectied  in  glass  jars  over  mercury:  it  consists  of  hydro- 
chloric acid. 

II.  The  formation  of  hydrochloric  acid,  by  the  above  Procen  ex- 
jvoceas,  is  the  result  of  a  very  complicated  play  of  chemi*  P'**"^ 

ad  affiDities.  The  acid,  ready  formed,  is  not  present  in  any 
of  the  constituents  employed;  but  is  produced  by  a  combi- 
aatioD  of  its  ingredients,  which  takes  place  during  the  pro- 
cess. The  chloride  of  sodium  becomes  decomposed,  and,  at 
the  same  time,  a  portion  of  water,  with  which  liquid  sul- 
phuric acid  is  always  mixed.  The  sodium  of  the  chloride, 
after  being  first  converted  into  soda,  by  oxygen  furnished 
by  the  decomposition  of  the  water,  combines  with  the  sul- 
phuric acid,  so  as  to  form  sulphate  of  soda;  while  the  chlo- 
rine unites  with  the  corresponding  hydrogen  of  the  same 
fiqiiid,  so  as  to  form  hydrochloric  acid. 

III.  The  nature  of  hydrochloric  acid  remained  a  long  Aecoant  </ 
tine  enveloped  in  uncertainty.  It  was  generally  considered  ^-If  ^'^^' 
to  be  a  compound;  yet  no  one  was  able  to  demonstrate  its  m  to  m. 

constituents.  cerUining 

The  first  step,  in  the  investigation,  which  terminated  in  of  hjdro- 
the  discovery  of  the  true  nature  of  hydrochloric  acid,  was  «hior<«Mxl. 
nmde  by  Gay-Lussac  and  Davy.  These  chemists  ascertain- 
t^  that  the  gas,  which  had  been  previously  called  oxymu- 
riatic  acid,  under  the  influence  of  the  belief,  that  it  was  a 
compound  of  muriatic  (hydrochloric)  acid  and  oxygen,  had 
never  been  decomposed;  and  that  neither  its  reputed  con- 
stituents, nor  any  other,  could  be  demonstrated  to  exist  in 
it.  Hence,  therefore,  it  is  as  yet  an  undecompounded  body. 
In  consequence  of  this  discovery,  it  became  necessary  to 
change  its  name;  and,  accordingly,  Sir  H.  Davy  substituted, 
for  oxymuriatic  acid,  the  name  of  chlorine,  as  has  been  al- 
ready mentioned. 

The  experiment,  which  was  supposed  to  demonstrate  the 
compound  nature  of  oxymuriatic  acid;  and  that  oxygen  and 
muriatic  acid  were  its  constituents,  was  first  made  by  Ber- 
thoUet.  This  chemist  exposed  a  saturated  solution  of  oxy- 
muriatic acid  to  the  influence  of  the  light  of  the  sun,  for 
several  days;  so  arranged  as  to  enable  him  to  collect  the 
gaseous  products.  At  the  end  of  this  time,  the  gas  which 
had  been  extricated,  proved  to  be  oxygen;  and  the  oxymu- 
riatic solution  was  converted  into  a  solution  of  muriatic 
acid.  The  more  obvious  conclusions  to  be  drawn  from  this 
experiment  are,  that  the  oxymuriatic  acid  had  been  decom- 
posed; that  the  oxygen,  which  appeared,  was  derived  from 
It;  and  that  oxymuriatic  acid,  deprived  of  oxygen,  became 
muriatic  acid. 


138  Acms. 

BooKt^      The  evidence,  therefore,  that  ozymuriatic  acid  was  a 
compound  of  oxygen  and  mi^iatic  acid,  appeared  to  be  de> 
rived  from  analysis;  and  its  composition  was  supposed  to 
be  perfectly  settled.  This  "continued  to  be  the  prevailing 
opinion,  until  1809;  when  Gay-Lussac  and  Thenard  pub- 
lished some  experiments,  going  to  demonstrate  that  oxygea 
could  not  be  separated  from  oxy muriatic  acid.   In  1810| 
Sir  H*  Davy  published  two  papers  on  the  same  subject; 
detailing  experiments,  which  went  to  prove,  that  ozymn- 
riatic  acid    had   never   been   decomposed.    This  chemist 
subjected  it  to  a  number  of  trials,  with  a  view,  if  possible, 
to  detect  oxygen  in  it;  but  all  these  trials  failed.    He  found 
that  none  of  the  compounds  of  oxymuriatic  acid  widi 
inflammable  bodies  or  metals,  could  be  made  to  yield  a 
particle  of  oxygen;  and  when  the  oxymuriatic  acid  gas  wai 
subjected  to  the  action  of  charcoal,  intensely  ignited  in  it, 
or  to  the  strongest  powers  of  electricity,  it  underwent  oo 
change.  The  experiments  and  observations  of  these  dis- 
tinguished chemists  were  well  calculated  to  throw  an  air 
of  doubt  upon  the  reality  of  the  decomposition  of  oxymu* 
riatic  acid  by  Berthollet. 

Some  time  before  these  new  opinions,  respecting  fxxy'^ 
muriatic  acid,  were  promulgated;  it  had  been  observed 
by  Gay-Lussac  and  Thenard,  that,  when  equal  volames 
of  oxymuriatic  acid  and  hydrogen  are  exposed  to  the 
action  of  the  sun's  rays,  an  explosion  takes  place;  the 
gases  combine,  and  the  product  is  an  equal  volume  o 
muriatic  acid.*  The  conclusion,  which  these  chemists  first 
drew  from  this  experiment,  was,  that  muriatic  acid  gas, 
as  usually  obtained,  is  a  compound  of  dry  muriatic  acid 
and  water;  and  that  the  hydrogen,  which  disappears,  unites 
with  the  oxygen  of  the  oxymuriatic  acid  (adhering  to  the 
prevailing  opinion  respecting  its  composition),  and  forms 
water;  while  the  dry  muriatic  acid,  furnished  by  the  decom- 
position of  the  oxymuriatic  acid,  combining  with  this  water, 
gives  rise  to  the  formation  of  muriatic  acid  in  its  usual 
state. 

The  merit  of  first  drawing  the  proper  conclusion  from 
the  experiment,  above  detailed,  belongs  to  Sir  H.  Davy. 
This  chemist  admitted  no  explanation  of  it,  which  required 
the  improper  assumption,  that  oxygen  is  a  constituent  in 
oxymuriatic  acid  (his  chlorine);  more  especially  as  the  ex- 
periments, which  seemed  to  indicate  such  a  constituent  in 

*  This  experiment  wm  performed  tboat  the  ume  time  by  Mr.  D&lton,  aa  Dr. 
ThonsoD  inform!  ot,  before  the  former  chemitt  had  tny  knowledge  of  what  had 
been  done  by  Ctay-Limao  and  Thenard. 
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fiaUe  fo  80  obvious  a  source  of  filhicy,  by  the  Ckav.il 
of  water,  or  other  substances  which  contain  oxy- "— — 
o,  as  to  destroy  all  confidence  in  them.  He,  accordingly, 
listed^  that  the  only  inference,  which  could  be  properly 
ftwn  from  the  experiment,  above  given,  is,  that  ox3nnu- 
itic  acid,  as  an  elementary  substance,  by  combining  with 
drogcn,  forms  muriatic  acid. 

Adopting  this  explanation  of  the  formation  of  muriatic 
id,  in  the  above  experiment;  the  nature  of  the  fallacy  in 
t  experiment,  by  which  Berthollet  was  supposed  to  indi- 
te the  constituents  of  oxymuriatic  acid,  is  sufficiently 
•nifeat*  The  oxygen,  which  made  its  appearance  in  this 
:perincnt,  owed  its  formation  to  the  decomposition  of 
iten  the  corresponding  hydrogen  of  the  same  liquid,  be- 
f  employed  in  the  production  of  the  muriatic  acid,  by 
mbining  with  the  oxymuriatic  acid. 
If  the  source  of  the  oxygen,  in  Berthollet's  experiment, 
the  decomposition  of  water,  as  is  here  contended,  and 
t  the  oxymuriatic  acid;  then  it  ought  to  be  found,  that 
t  quantity  of  hydrogen  necessary,  by  the  new  theory,  to 
avert  any  portion  of  oxymuriatic  acid  into  muriatic  acid, 
exactly  the  proper  amount,  to  convert,  into  water,  all  the 
ygen,  which  is  alleged  to  be  derived  from  the  decompo- 
Lion  of  an  equal  portion  of  this  substance  by  the  old  theory, 
ow  this  is  found  to  be  the  fact  precisely;  for  the  hydro- 
:n  necessary  to  convert  a  given  portion  of  oxymuriatic 
:id  into  muriatic  acid,  by  the  new  doctrine,  bears  the 
nae  proportion  to  the  oxygen,  which,  by  the  old  doctrine, 
ust  be  separated  from  it,  during  the  same  conversion;  as 
ese  substances  do,  to  each  other,  when  they  unite  to  form 
Iter. 

The  doctrine  of  Sir  H.  Davy,  that  muriatic  acid  is  a 
mpound  of  oxymuriatic  acid  (chlorine)  and  hydrogen,  at 
St,  had  many  able  opponents;  who  were  disposed  to  coin- 
ie  in  opinion  with  Gay-Lussac  and  Thenard,  as  to  its 
ture.  Tliese  chemists,  however,  very  soon  embraced  the 
w  doctrine.  Notwithstanding,  the  new  views  were  still 
posed  by  a  number  of  chemists;  but,  in  the  progress  of 
s  controversy,  new  facts  were  elicited,  which  confirmed 
>re  and  more  the  doctrine  of  Davy;  and,  since  the  recent 
scovery  of  iodine;  which,  among  other  striking  analogies 
oxymuriatic  acid,  possesses  the  property  of  forming  an 
id  with  hydrogen;  the  new  explanations  are  almost  uni- 
rsally  admitted. 

It  may  conduce  to  give  a  clearer  idea  of  the  new  views 
i  explanations,  which  have  been  introduced  into  che- 
stry,  by  the  discoveries,  connected  with  muriatic  acid,  to 
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Book  I.  exhibit  them  in  compariwn  with  those  formeriy  held,  in  tl 
MfirioBn.  following  manner. 


Cotnpirt- 
•oo  l>e- 
tween  the 
old  and  new 
opiniont 
retpeeting^ 
oxTmarimtie 
nera,  and 
mnnttie 
Mid. 


FORMER    OPilllOWS. 

1.  Oxymuriatic  acid  is  a 
compound  of  muriatic  acid 
and  oxygen. 


2.  Muriatic  acid  has  never 
been  resolved  into  simpler 
constituents:  it  is,  therefore, 
a  simple  body. 

3.  When  a  solution  of  oxy- 
muriatic acid,  in  water,  is 
exposed  to  the  light  of  the 
sun;  the  oxymuriatic  acid 
disappears,  and  the  only  pro- 
ducts are  muriatic  acid  and 
oxygen.  These  products  must, 
dierefore,  be  the  constituents 
of  oxymuriatic  acid. 


PRESENT   OPINIONS. 

1.  Neither  muriatic  acid 
oxygen,  nor  any  other  sub 
stance,  has  been  detected  i 
oxymuriatic  acid:  it  is,'there 
fore,  as  yet,  an  undecon 
pounded  body. 

2.  Muriatic  acid  is  a  com 
pound  of  oxymuriatic  aci( 
and  hydrogen. 

8.  The  products  obtained 
by   exposing  a  solution  o 
oxymuriatic  acid,  in  water 
to  the  influence  of  the  Ugh 
of  the  sun,  owe  their  formi 
tion  to  the  decompositioi^ 
water.  The  muriatic  acid 
formed,   in   consequence 
the  combination  of  the  % 
drogen  of  this  liquid,  v^ 
the    oxymuriatic   acid.   ^3 
oxygen,  appears,  as  the  f 
responding  constituent  of 
I  decomposed  water. 

The  propriety  of  appropriating  a  new  name  to  the  9& 
stance,  which  had  been  previously  called  oxymuriatic  aci 
is  sufficiently  obvious.  Its  old  name  had  a  tendency  to  k^ 
up  an  erroneous  estimation  of  its  constituents,  calculate 
to  embarrass  the  student  of  chemistry.  The  name  of  chloriix 
which  has  been  given  to  it  by  Sir  H.  Davy,  has  alwaj 
been  employed  in  this  work.  Hydrochloric  acid  has  bee 
substituted  also  for  muriatic  acid,  in  conformity  with  th 
usage  of  Gay-Lussac;  the  former  name  being  preferrec 
because  it  suggests  the  constituents  of  this  acid.  But  i 
the  name,  muriatic  acid,  is  much  more  familiar,  to  mo 
chemical  readers,  than  that  of  hydrochloric  acid;  the  formi 
has,  in  most  cases,  been  inserted,  in  parentheses,  to  expla 
the  latter. 

Prapertiei       '^*  Hydrochloric  acid  possesses  the  following  prope 
of  hydro-    ties.   It  is  a  gaseous  fluid,  invisible  like  common  air* 
MidT^        possesses  a  very  sour  taste,  and  peculiar  smell.    It  redde 
vegetable  blues.   When  it  comes  in  contact  with  the  i 
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Bo^here,  it  appears  in  the  form  of  white  vapour,  owing  to  c&iv.lL 
its  combination  with  moisture.  _ 

V«  This  acid  is  about  one  and  one-third  times  as  heavy  Spec.  rrar. 
»  atmospheric  air.  *  ^^« 

VI.  It  is  incapable  of  supporting  combustion.  It  is, 
stricdy  speaking,  unrespirable:  when  the  attempt  is  made 
to  draw  it  into  the  lungs,  the  glottis  closes  spasmodically. 

VII.  Hydrochloric  acid  is  capable  of  combining  with  aHydroahlo- 
DQoiber  of  doses  of  oxygen.  This  curious  fact  has  lately  ^^^^ 
beea  ascertained  by  Thenard.   This  chemist  moistened  a^bi,,^ 
portion  of  peroxide  of  barium  with  water;  and  then  dissolv-  w>th  « 
ed  it  in  diluted  hydrochloric  acid.  He  afterwards  added  d^[!^^ 
sulphuric  acid.   This  addition  produced  a  precipitate  of  oxygra. 
sulphate  of  barytes,  without  any  evolution  of  oxygen  gas. 

The  oxygen  of  the  peroxide  proved  to  have  entered  into 
combination  with  the  hydrochloric  acid.  By  separating  the 
preopitated  sulphate,  the  oxidized  acid  was  obtained  in  a 
separate  state.  In  this  way,  Thenard  obtained  an  oxidized 
Itfdrochloric  acid,  containing  four  times  its  volume  of 
oxygen.  It  was  an  acrid  and  colourless  liquid,  nearly  desti- 
tute of  smelL  It  reddened  vegetable  blues.  When  boiled, 
iteariy  all  the  oxygen  separated:  when  oxide  of  silver  was 
^cd  to  it,  chloride  of  silver  immediately  precipitated; 
^ter  was  formed,  and  oxygen  evolved. 

By  pursuing  his  researches,  Thenard  was  enabled  to 
oxidize  this  acid  in  a  much  higher  degree.   He  re-oxi- 
dized the  acid,  obtained  by  the  method  just  given,  by 
^peating  it  fifteen  times  successively.  The  acid  thus  ob- 
^ined,  was  found  to  contain  seven  times  its  volume  of 
Oxygen,  at  the  temperature  of  68^.    By  other  methods. 
However,   this  chemist  succeeded   in  combining  a  much 
larg^  portion  of  oxygen  with  this  acid.  After  having  ob- 
tained  an  acid,  as  highly  oxidized  as  possible,   by  the 
method  already  indicated;  he  added  to  it  sulphate  of  silver: 
thloride  of  silver  was  precipitated,  and   all  the  oxygen, 
previously  combined  with  the  oxyhydrochloric  acid,  except 
that  necessaiy  to  form  water  with  the  hydrogen  of  the 
same  acid,  became  utiited  to  the  sulphuric  acid,  in  the 
form  of  an  oxysulphuric  acid.    He  now  added  to  this  acid, 
a  quantity  of  hydrochloric  acid,  less  than  existed  in  the 
oxidized  acid,  at  first  employed.   Barytes  was  then  added, 
just  sufficient  to  precipitate  all  the  sulphuric  acid  present. 
The  excess  of  oxygen,  in  the  latter  acid,  became  instantly 
transferred  to  the  h}'drochloric  acid;  so  as  to  form  a  very 
highly  oxidized  hydrochloric  acid.    If  the  previous  step  be 
taken  of  precipitating,  in  part,  the  sulphuric  acid  from  the 
oxysulphuric  acid  (whereby  it  becomes  more  highly  oxidiz- 
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Book  I.  ed),  before  it  is  employed  to  form  the  ozyhydrochloric  aci^ 
DifmifwilL  ii^Q  result  will  be  the  production  of  this  acid,  in  the  highest 
state  of  oxidizement,  which  Thenard  was  capable  of  effect- 
ing. By  pursuing  these  processes,  this  chemist  succeeded  iis 
obtaining  an  hydrochloric  acid,  containing  16  times  iti 
volume  of  oxygen. 

The  combination  of  hydrochloric  (muriatic)  acid  and 
oxygen,  which  has  thus  been  discovered  by  Thenard, 
ought  to  have  proved  identical  with  chlorine  (oxymuriatic 
acid);  if  the  old  theory,  respecting  the  composition  of  the 
latter  substance,  had  been  correct.  But  this  is  very  &r 
from  being  the  case.  The  advocates  of  the  former  doctrine 
may  now  satisfy  themselves,  that  a  real  oxymuriatic  acid 
and  chlorine  are  distinct  substances.* 

Water,  sa-      VI 11.  Water  saturated  with  hydrochloric  acid  gas,  is, 

vidf  hydro- ^°  common  language,  called  muriatic  acid.  This  solution  of 

eiiiorioacid,  the  acid  gvis,  in  water,  is  the  only  form,  in  which  the  acid  b 

^^™  *dro-  ^^^^  ^^^  ^^^  ordinarj'  purposes  of  chemistry,  or  in  medi- 

ehiorioaeid.  cine.  When  hydrochloric  acid  is  spoken  of;  it  is  to  be  always 

understood,  unless  otherwise  specifivd,  that  the  solution  of 

the  gas  in  water  is  meant*  The  liquid  JForm  of  the  acid  will 

now  be  considered. 


LIQUID  UYDROCHLORIO  ACID. 

Usaal  chemieal  name,  Muriatic  Acid* 

Liquid  hj-        1.  The  Edinburgh  college  directs  the  following  process 
aci!r*ho^**    for  obtaining  the  liquid  acid:  Expose  two  pounds  of  chlo- 
obudned      ride  of  sodium,  (common  salt)  to  a  red  heat  for  some  time* 
for  medical  After  the  chloride  has  cooled;  put  it  in  a  retort,  and  pour 
upon  it  sixteen  ounces  of  sulphuric  acid,  previously  di- 
luted with  one  pound  of  water.   Distil  the  mixture,  in  a 
sand  bath,  at  a  moderate  heat,  as  long  as  any  acid  comes 
oven 
Proeeu  ex-      2.  The  explanation  of  this  process  is  the  same  with  that 
piaioed.      given  of  the  formation  of  the  acid  in  the  gaseous  state; 
with  this  difference  only,  that  the  water,  directed  by  the 
Edinburgh  college,  distils  over  in  combination  with  the 
gaseous  acid, 
lu  proper-       3.  Liquid  hydrochloric  acid,  when  perfectly  pure,  is 
^'*  colourless;  but,  as  usually  obtained,  it  has  a  pale  yellow 

colour,  owing  to  the  presence  of  a  small  portion  of  iron.  It 
possesses  the  peculiar  smell  of  the  gaseous  acid.  When  ex* 


*  See  Tbenard't  paper,  as  tnmslated  in  the  Aimali  of  Philoiopby,  (Jan.  1S19.) 
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poied  to  the  air,  it  gradually  emits  the  acid  gas,  which  c&ip.n. 
conhiDes  with  the  moisture  of  the  atmosphere^  and  appears  SpeeTgrav- 
ii  white  fumes.  It  is  about  one  and  one-fifth  times  as  heavy     i*^^ 
M  water. 

4.  When  the  liquid  acid  is  formed  by  saturating  cold 
witer  with  the  acid  gas,  the  water  becomes  hot;  and,  as  the 
Imting  advances,  the  absorbing  power  of  the  water  dimi- 
nidies,  until  the  heat  arrives  at  the  boiling  point,  when  it  is 
entirely  lost*  Hence  it  is,  that,  if  the  liquid  acid  be  exposed 
to  heat,  the  acid  gas  may  be  procured.  It  was  in  this  way 
diat  Dr.  Priestley  first  obtained  the  acid  in  the  gaseous 
fbniu 

5«  Liquid  hydrochloric  acid,  when  a  perfectly  saturated  Compo«- 
solution,  contains  515  times  its  volume  of  the  acid  gas;  or^'^^ 
more  than  half  its  weight. 

6.  •  Liquid  hydrochloric  acid  acts  as  a  stimulant,  when  Medical 
taken  into  the  stomach.  In  low  fevers  of  all  kinds,  when  properties. 
diluted  sufficiently  to  be  agreeably  sour,  it  is  a  very  proper 
drink*  In  relaxed  states  of  the  stomach,  it  has  been  found 
useful  in  restoring  the  tone  of  that  organ;  but,  for  this  pur- 
pose, liquid  sulphuric  acid  is  generally  preferred.  Almost 
any  quantity  of  the  solution  may  be  taken,  when  sufficicndy 
diluted* 

IX*  Hydrochloric  acid  is  not  capable  of  combining  with 
any  of  the  undecompounded  combustibles.  When  the  at- 
tempt is  made  to  combine  the  acid  with  some  of  them,  it 
becomes  decomposed;  its  chlorine  forms  a  chloride  with 
the  combustible,  and  its  hydrogen  is  evolved. 

X.  Hydrochloric  acid  combines  with  some  of  the  salifia- 
ble bases,  and  gives  rise  to  a  genus  of  salts,  which  will  be 
called  hydrochlorates*  These  salts  are  usually  called  mu- 
riates. Most  of  them,  when  exposed  to  a  red  heat,  undergo 
a  double  decomposition;  so  as  to  be  converted  into  a  chlo- 
ride and  water. 

XI.  Hydrochloric  acid  is  composed  of  ^^"Irfilf' 

Chlorine  36-— one  atom.  dw«hk)ple 

Hydrogen  1— one  atom.  tekL 

Giving  37  for  the  number  represent- 
ing the  weight  of  its  atom. 

XII.  This  acid  has  been  employed  to  destroy  contagion.  Employed 
and  putrid  miasmata.  Morveau  used  it,  with  success,  fo^J^^^J^^ 
neutralizing  the  putrid  exhalations,  which  pervaded  the 
cathedral  of  Dijon.  But,  for  these  purposes,  it  is  inferior  to 
chlorine* 

2  B 


]  94  ACWB, 

Book  I. 
DiviiioulL 


Iodine        Iodine  forms  but  one  acid  compound  with  oxygen;  nametyi 

•ciyVuh**      ^^^*^  ^^^^'  ^*®  *^*^  ^*^  ^  described  in  the  following 
•lygmi.  section* 


SECTION  IV. 

OF  IODIC  ACID. 

lodieaeH|;  I.  loDic  ACID  maybe  obtained  by  the  following  process: 
how  obuiD-  pm  jj^jQ  ^  b^m  xxj}i^^  closed  at  one  end,  100  grains  of  chlo- 
rate of  potash;  and  pour  upon  them,  4O0  grains  of  hydro- 
chloric acid,  of  the  specific  gravity  of  1*105.  Make  the  bent 
tube  communicate  with  a  long  necked  receiver,  Containing 
40  grains  of  iodine;  and  apply  a  gentle  heat  to  the  mixture, 
which  it  contains.  A  quantity  of  protoxide  of  chlorine  is 
immediately  formed.  As  soon  as  this  gaseous  oxide  enters 
the  receiver;  each  of  its  constituents  combines  with  a  por- 
tion of  the  iodine,  and  gives  rise  to  the  formation  of  two 
acids;  the  acid  under  description,  and  another  ^cid,  which 
is  called  chloriodic  acid.  By  exposing  the  mixed  acids  to 
heat,  the  chloriodic  acid,  being  volatile,  flies  off;  while  die 
iodic  acid  remains  behind.  This  acid  was  first  obtamed,  ia 
a  separate  state,  by  Sir  H.  Davy. 
It!  proper-  11*  Iodic  acid  is  a  white  semi-transparent  solid,  destitute 
^M*  of  smell;   but  possessing  a  strong,  astringent,  sour  taste. 

When  exposed  to  a  moist  atmosphere,  it  gradually  deli- 
quesces. When  heated  to  a  temperature,  a  little  below  that, 
at  which  olive  oil  boils;  it  is  decomposed  into  iodine  and 
oxygen.  It  sinks  rapidly  in  sulphuric  acid;  hence  its  specific 
gravity  must  be  considerable.  It  is  readily  soluble  in  water. 
Its  solution  first  reddens,  and  afterwards  destroys,  vegeta- 
ble blues.  When  it  is  exposed  to  heat,  the  water  gradually 
evaporates,  and  the  acid  is  reduced  to  the  consistency  of 
syrup.  Afterwards,  if  the  heat  be  increased,  the  acid  may 
be  driven  over  unaltered;  but,  when  the  temperature  arrives 
at  a  certain  point,  the  acid  becomes  decomposed. 

III.  Iodic  acid  has  the  property  of  combining  with  a 
number  of  acids,  as  was  first  ascertained  by  Sir  H.  Davy. 
With  those  already  described,  however,  it  does  not  appear 
capable  of  combining.  When  iodic  acid  and  hydrochloric 
acid  are  brought  into  contact;  they  mutually  decompose  each 
other,  and  the  products  are  water  and  chloriodic  acid.  Iodic 
acid  combines  with  several  of  the  salifiable  bases,  and  forma 
salts,  called  iodates. 
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IVi  Iodic  acid  is  composed  of  Crap.  ir. 

Iodine  125— one  atom.  CompodT* 

Oxygen  40 — five  atoms.  tionofiodie 

aeld. 

Giving  165  for  the  number  represent- 
ing the  weight  of  its  atom. 


Iodine  forms  but  one  acid  compound  with  hydrogen;  namely,  fodine 
hydriodic  acid.  This  acid  will  be  described  in  the  follow-  drtSicadd 
ing  seetion.  with  bydRK 

gen. 

sectigTn  v. 

OF  HYDRIODIC  ACID. 

I.  HTDmiODic  ACID  may  be  obtained,  by  exposing,  in  a  Hyariodi« 
retort,  10  heat,  a  mixture,  moistened  with  water,  of  four  ^^J!!^,^ 
]Muts  of  iodine,  and  one  part  of  phosphorus.  A  gas  is  im- 
mediately formed,  which  must  be  collected  over  mercury. 

This  gaa  is  hydriodic  acid. 

II.  Hydriodic  acid  was  discovered  by  Clements;  but  its 
properties  were  first  investigated  by  Davy  and  Gay-Lussac 

III.  Hydriodic  acid  is  an  invisible  and  elastic  fluid,  like  lu  proper- 
common  air.   Its  smell  is  similar  to  that  of  hydrochloric  ^'^*' 
acid.   Its  taste   is  very  sour.    When  brought  in  contact 

with  chlorine,  hydrochloric  acid  is  formed,  and  iodine  de- 
posited. 

IV.  It  is  about  four  and  a  half  times  as  heavy  as  com-  Spee.  fprw. 

4-443 

mon  air.  ****• 

V.  Liquid  hydriodic  acid  is  readily  formed  by  saturating  Combinet 
water  with  the  gaseous  acid.  It  may  be  formed  also,  by  pass-  ^'^  ^•i«p- 
ing  a  current  of  hydrosulphuric  acid  gas  (sulphuretted  hy- 
drogen) through  water,  in  which  a  portion  of  iodine  is  pre- 
viously placed.  The  hydrogen  of  the  acid  combines  with 

the  iodine;  and  its  sulphur  is  deposited.  Liquid  hydriodic 
acid  may  be  concentrated  by  exposure  to  a  heat,  under  262^. 
In  this  way,  its  specific  gravity  may  be  increased  to  1*7 • 
At  the  temperature  of  262^,  it  boils,  and  may  be  distilled 
over.  It  has  the  property  of  dissolving  iodine;  whereby  it 
assumes  a  dark  colour. 

VL  Hydriodic  acid  is  composed  of  Compoti- 

Iodine  125— one  atom.  driodU**^' 

Hydrogen  1— one  atom.  ,eid. 

Giving         126  for  the  number  represent- 
ing its  compound  atom. 
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Sniphar  Sulphur  forms  three  acid  compounds  widi  oxygen;  namdy, 
S2S* *^tb*  sulphuric  acid,  sulphurous  acid,  and  hyposulphurous  acid. 
5^^'  These  acids  will  be  described  in  the  three  following  sec- 


Sulpbarie 
Micl;lKnr 
obuiiDed 
pore. 


Prooeit  ez 
plained. 


lu  proper- 
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tions. 

SECTION  VI. 

OF  SULPHURIC  ACID. 

I.  Sulphuric  acid  may  be  obtained  by  the 
cess:  Distil  sulphate  of  iron  (green  vitriol),  which  has  pr^ 
viously  been  exposed  to  heat|  to  drive  off  its  water  of  oyi- 
tallization:  a  black  colour^  fuming  substance  will  cone 
over,  very  nearly  twice  as  heavy  as  water;  it  constitutes  the 
fuming  sulphuric  acid,  as  prepared,  for  many  yean,  in 
Nordhausen  in  Germany.  Distil  this  fuming  liquid,  in  a 
retort,  with  a  moderate  heat,  into  a  receiver  surrounded  with 
ice:  a  vapour  is  driven  over;  which  condenses  in  die  re- 
ceiver. If  the  distillation  be  stopped  in  time,  the  condensed 
vapour  will  consist  of  pure  sulphuric  acid. 

I I.  The  fuming  sulphuric  acid  of  Nordhausen  is  consider- 
ed to  be  a  very  concentrated  sulphuric  acid,  containing  bat 
litde  water.  The  manner  of  its  preparation  indicates  this  to 
be  its  nature;  being  distilled  from  dried  sulphate  of  iron. 
Now  when  this  fuming  acid  is  distilled  cautiously,  nothing 
but  the  pure  acid  is  driven  over;  what  water  it  may  have 
contained,  being  left  behind. 

III.  Sulphuric  acid  is  a  solid  under  the  temperature  of 
66^;  but  above  that  temperature,  it  assumes  the  form  of 
colourless  vapour,  which  takes  on  the  appearance  of  white 
clouds,  when  it  comes  in  contact  with  moist  air.  In  the 
solid  form,  it  is  composed  of  filaments,  having  a  silky  ap- 
pearance; which  gives  the  acid  some  resemblance  to  the 
mineral  substance,  called  asbestos.  It  is  tough,  and  cannot 
be  easily  cut.  When  exposed  to  the  air,  it  fumes,  and  gra- 
dually flies  off  in  the  form  of  vapour.  When  held  between 
the  fingers,  it  exerts  no  action  upon  the  skin;  but  after  some 
time,  it  produces  pain.  The  specific  gravity  of  this  acid, 
either  in  the  solid  form,  or  in  the  state  of  vapour,  has  not 
been  ascertained. 

IV.  Sulphuric  acid  has  a  strong  affinity  for  water.  When 
thrown  into  this  liquid;  the  combination  takes  place  with 
such  rapidity,  as  to  produce  a  noise,  similar  to  that  caused 
by  a  red  hot  iron,  under  equal  circumstances.  Sulphuric 
acid,  dissolved  in  a  certain  quantity  of  water,  forms  liquid 
sulphuric  acid,  or  the  sulphuric  acid  of  commerce. 
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CHAF.n. 
UQUID  SULPHURIC  ACID. 

Fonner  mune,  Vitriolic  acid.  Commoo  name.  Oil  of  ViiriU, 

U  When  the  pure  solid  sulphuric  acid  is  dissolved  in  liquid  ml- 
aboot  one-fifth  of  its  weight  of  water,  it  forms  liquid  sul- P***^®*^' 
jikuric  acid,  of  the  usual  strength,  in  which  it  occurs  in 
commerce. 

3.  Liquid  sulphuric  acid  is  obtained  by  the  manufacturer,  how  obub- 
hy  burning  a  mixture  of  one  part  of  nitrate  of  potash  (ni-  ^  ^\J^^ 
trc)  and  seven  parts  of  sulphur,  in  chambers  lined  with  tuer. 
lead;  whose  floors  are  covered  with  a  certain  depth  of  wa- 
ter»  The  water  becomes  impregnated  with  the  acid;  and 
when  die  impregnation  has  reached  to  a  certain  degree,  the 
add  water  is  concentrated,  by  evaporation,  first  in  leaden 
retorts,  as  long  as  the  acid  is  too  weak  to  act  upon  them; 
and  afterwards  in  glass  retorts,  until  it  become  of  a  certain 
strength.  This  strength,  for  the  purposes  of  commerce,  is 
indicated  by  a  specific  gravity  of  about   1*85.    The  acid 
may  be  concentrated  beyond  this  strength;  but  it  has  not 
beoi  found  possible,  by  any  distillation,  to  drive  off  all  the 
water,  which  it  contains. 

3*  The  rationale  of  the  formation  of  liquid  sulphuric  acid  Mamifac- 
by  the  above  process,  is  thus  given  by  Clement  and  Desor-  turcr's  pro- 
mes,  and  Davy.  The  combustion  of  a  mixture  of  sulphur  plained. 
and  mtrate  of  potash  (nitre)  gives  rise  to  the  formation  of 
sulpboTOus  acid  and  deutoxide  of  azote  (nitrous  gas).  The 
latter  of  these  substances  is  immediately  converted  into  ni- 
trous acid,  by  coming  in  contact  with  the  air.  The  acid 
thus  formed  and  the  sulphurous  acid  then  combine,  lose 
then*  gaseous  form  and  precipitate  into  the  water.  As  soon 
as  the  combined  acids  come  in  contact  with  the  water,  the 
sulphurous  acid  becomes  converted  into  sulphuric  acid,  by 
combining  with  a  dose  of  oxygen,  at  the  expense  of  the  ni- 
trous acid;  which  latter  is  thereby  brought  back  to  the  state 
of  deutoxide  of  azote;  and  thus  changed,  assumes,  again, 
the  gaseous  form.  No  sooner  does  it  come  in  contact  with 
the  air,  than  it  is  again  converted  into  nitrous  acid,  precipi- 
tates in  combination  with  sulphurous  acid,  converts  the  lat- 
ter acid  into  sulphuric  acid,  and  again  assumes  the  gaseous 
form,  as  deutoxide  of  azote.  The  same  round  of  composi- 
tions and  decompositions  is  repeated  as  long  as  any  sul- 
phurous acid  may  remain. 

4k  Liquid  sulphuric  acid  was  discovered,  in  the  middle  Aeeoant  of 
ages,  either  by  the  Arabian  chemists,  or  the  alchemists.  It  ^^^^^f 
is  spoken  of  by  Basil  Valentine,  who  wrote  early  in  the  fif-  the  liquid 
teenth  century.    It  was,  for  a  long  time,  obtained  by  dis-  *<^<^ 
tilling  sulphate  of  iron  (green  vitriol);  a  process  which  is 
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Book  I.  Still  followed  in  Germany.  It  was  afterwards  prepared  hf 
Dhraion  11.  burning  a  mixture  of  sulphur  and  nitrate  of  potash  (nitre) 
under  a  glass  bell.  From  this  mode  of  preparation^  it  was 
formerly  frequently  called  oleum  sulphuris  per  campatuau 
The  method,  which  has  been  described  at  length  in  the  be-  ' 
ginning  of  the  present  account,  and  which  is  pursued  by  al- 
most all  the  manufacturers  of  sulphuric  acid,  was  invented 
by  Dr.  Roebuck;  who  established  the  first  manufactory  of 
the  kind,  at  Prestonpans  in  Scotland. 
Properties  5.  Liquid  sulphuric  acid  is  colourless  like  water.  It  is  nearly 
^^^^^  destitute  of  smell,  but  possesses  an  intensely  sour  taste.  It 
has  somewhat  of  an  oily  consistency;  from  which  circum- 
stance it  has  got  the  common  name  of  oil  of  vitrioL  It  red- 
dens vegetable  blues.  It  acts  upon  animal  and  vegetable 
substances  with  considerable  energy,  and  speedily  converts 
them  into  charcoal.  Its  specific  gravity  and  boiling  point 
vary  with  the  quantity  of  water  which  it  may  contain.  When 
composed  of 

Sulphuric  acid  40— one  atom, 

Water  9— one  atom;  its  specific 

gravity  is  1*85,— and  its  boiling  point,  620^.  When  com- 
posed of 

Sulphuric  acid         40— one  atom, 
Water  18— two  atoms;  its  speci- 

fic gravity  is  1*78, — and  its  boiling  point,  435^.  When  com- 
posed of 

Sulphuric  acid  40-— one  atom. 

Water  27— three   atoms;    its  spe- 

cific gravity  is  1*65,  and  its  boiling  point,  350**.— Water, 
however,  does  not  combine  with  sulphuric  acid,  only  by 
atoms.  So  far  from  this  being  the  case,  it  appears  capable 
of  uniting  with  the  acid,  in  every  proportion.  It  is  not  easy 
to  reconcile  this  fact  with  the  atomic  theory. 

6.  Liquid  sulphuric  acid,  when  exposed  to  the  adr,  at- 
tracts moisture,  and  becomes  heavier.  The  quantity  of  wa- 
ter, which  it  is  capable  of  absorbing  in  this  way,  is  always 
less,  as  the  quantity  of  this  liquid,  which  it  already  contains, 
is  greater. 

7.  The  congealing  point  of  liquid  sulphuric  acid  varies 
with  its  density.  But  it  is  found  that  this  variation  takes 
place  in  such  a  way,  as  that  the  freezing  point  of  the  acid 
lowers,  according  as  its  density  varies,  either  above  or  be- 
low a  certain  density.  The  freezing  point  of  liquid  sulphu- 
ric acid,  of  the  specific  gravity  of  1*78  is  at  45^.  Now  it 
is  found,  that  if  the  acid  be  much  more,  or  much  less  con- 
centrated; its  freezing  point  lowers  considerably.    When 
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conocHtnted  as  far  as  possible,  its  freezing  point  is  as  low  Cbaf.  ii. 
n  —  36«.  

t»  Liquid  sulphuric  acid  is  decomposed  by  many  of  the  Aoticn  of 
nodccompounded  combustibles.  !^  uu^ 

[1*3  When  liquid  sulphuric  acid  and  hydrogen  are  made  eombosti. 
to  pass  together,  through  a  red  hot  porcelain  tube;  the  acid  ^^' 
b  completely  decomposed,  water  is  formed,  and  sulphur  de- 
porited«  At  a  boiling  temperature,  it  is  converted,  by  char- 
coal, intb  sulphurous  acid;  but  by  the  action  of  the  same  com- 
bnstiblc,  at  a  red  heat,  it  is  totally  decomposed.  When 
heated  in  contact  with  phosphorus;  sulphurous  acid  is  dis- 
engaged, and  the  phosphorus  becomes  converted  into  phos- 
phoric add.  When  boiled  along  with  sulphur,  it  becomes 
converted  into  sulphurous  acid* 

1^2  Liquid  sulphuric  acid,  wl^n  very  much  diluted,  acts 
violcQtly  upon  zinc  and  iron.  Part  of  the  water  present  is 
decomposed;  these  metals  are  oxidized,  and  hydrogen  is 
evolved.  When  the  acid  is  concentrated,  it  acts  upon  these 
metals,  but  much  less  violently;  part  of  the  acid,  in  this  case, 
being  decomposed,  and  flying  off  in  the  form  of  sulphurous 
acid.  Upon  tin  and  copper,  the  action  of  the  liquid  acid  is 
but  feeble,  unless  it  be  assisted  by  heat;  in  which  case,  it 
oxidizes  and  dissolves  them.  On  silver,  mercury,  antimony, 
bismuth,  arsenic  and  tellurium,  a  pretty  high  temperature  is 
required  for  the  acid  to  produce  any  effect;  and  the  action, 
which  takes  place,  consists  in  the  oxidizement  of  these  me- 
tals, at  the  expense  of  part  of  the  acid,  which  flies  off  in  the 
form  of  sulphurous  acid;  while  the  remainder  combines 
with  the  oxides  formed.  At  the  boiling  temperature,  it 
oxidizes  lead,  and  dissolves  cobalt,  nickel  and  molybdenum. 
The  liquid  acid  exerts  no  perceptible  action  upon  gold  or 
platinum. 

9.  When  liquid  sulphuric  acid  is  dropped  into  a  concen- 
trated solution  of  iodic  acid;  the  two  acids  fall,  in  combina- 
tion, in  the  form  of  a  solid  precipitate.  This  precipitate, 
after  fusion,  assumes  the  form  of  crystals,  which  have  a 
pale  yellow  colour.  When  strongly  heated,  it  is  partly  sub- 
limed, and  partly  decomposed  into  oxygen,  iodine  and 
sulphuric  acid. 

10.  Gay-Lussac,  has  lately  succeeded  in  oxidizing  liquid  The  liquid 
sulphoric  acid.  His  method  consisted  in  adding  his  recent-  ut^^^bclDe 
ly  discovered  oxy hydrochloric  acid  to  sulphate  of  silver,  oxidized. 
The  products  are  chloride  of  silver,  water  and  oxysulphuric 

acid.  The  formation  of  oxysulphuric  acid  has  already  been 
noticed,  when  detailing  the  different  methods  for  obtaining 
oxy  hydrochloric  acid,  page  191. 
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Book  I.  11.  Liquid  sulphuric  acid,  when  sufficiently  diluted,  for* 
Divfaionll.  nighes  a  very  powerful  article  to  the  materia  rnedica.  Its 
The  liquid  general  action  is  that  of  a  stimulant  and  tonic  In  weak 
1^^^^  and  relaxed  states  of  the  stomach,  it  is  used  to  excite  appetite 
«ine.  and  to  promote  digestion.  It  is  a  useful  acidulous  drink,  in 

all  fevers,  below  the  par  of  action.  When  uken  in  l«rgt 
quantities,  it  passes  off  by  the  kidneys  and  the  skin. 

V.  Sulphuric  acid  combines  with  the  salifiable  b^wes,  and 
forms  salts,  which  are  called  sulphates.  These  salts  will  be 
described  under  the  heads  of  their  respective  bases. 
Compon-         VI.  Sulphuric  acid  is  composed  of 

phnrieaeid.  Sulphur  16— one  atom. 

Oxygen  24— three  atoms. 

Giving       40  for  the  number  represent- 
ing its  compound  atom. 


SECTION  VII. 

OF  SULPHUROUS  ACID. 
PhbgUHcaUd  Sulphuric  Jtcid,  of  StahL 

Soipharooi     I.  SULPHUROUS  ACjD  may  be  obtained  by  tbe  fellowing 
'biidn^^    process:  Expose  a  mixture  of  two  parts  of  mercury,  and 
one  part  of  sulphuric  acid,  in  a  retort,  to  the  heat  of  a  lamp: 
an  effervescence  takes  place,  and  a  gas  is  extricated,  which 
must  be  collected,  in  glass  vessels,  over  mercury.  This  gas 
is  sulphurous  acid.    In  this  process,  the  mercury  robs  the 
sulphuric  acid  of  just  so  much  oxygen,  as  to  convert  it  into 
sulphurous  acid;  which,  being  a  gas,  causes  the  effervescence, 
just  spoken  of.  The  acid  gas  is  collected  over  mercury,  in 
consequence  of  its  absorbability  by  water. 
luhUtoiy.       II.  Sulphurous  acid  was  first  examined  by  Stahl.  About 
the  year  1774,  Scheele  and  Priestley  obtained  it  in  the  ga- 
seous  form,  and  described  many  of  its  properties.    Since 
that  time,  it  has  been  thoroughly  examined,  by  BerthoUet 
in  1782  and  1789;  by  Fourcroy  and  Vauquelin  in  1797} 
and  by  Thomson  in  1803. 
lu  proper-      HI*  Sulphurous  acid  is  a  gaseous  fluid,  transparent  and 
^^  colourless,  like  common  air.    Its  taste  is  exceedingly  acid 

and  sulphurous.  Its  smell  is  strong  and  suffocating,  resem- 
bling exacdy,  that  produced  by  the  burning  of  sulphur.  It 
changes  vegetable  blues,  first  to  red,  but  afterwards  destroys 
them.  It  destroys  the  colours  of  many  animal  and  vegetaUe 
substances;  which  property  makes  it  useful  in  the  bleaching 


HTPOSULPHUBOUS  ACID.  30X 

cyf  wool,  and  for  removing  suuns  from  linen^  produced  by  Chup.  if. 
frail* 

ly.  Sulphurous  acid  gas  is  about  two  and  one-fifth  times  Spec,  gravw 
as  heavy  as  atmospheric  air.    When  exposed  to  a  cold  of     ^'^' 
— 18^9  in  a  state  of  compression,  it  is  condensed  into  a  li- 
quid* It  does  not  support  combustion.  Neither  is  it  fit  for         , 
respiration.  Animals  forced  to  breathe  it  are  very  soon  des- 
troyed* 

V-  Water,  when  perfectly  saturated,  contains  33  times  AbwrUbie 
its  volume  of  this  acid  gas:  or  by  weight,  100  parts  of  wa-  ^^  *'^''' 
ter  take  up  91*5  parts  of  the  gas.    When  thus  combined 
with  water,  it  constitutes  liquid  sulphurous  acid.  It  is  very 
litde  heavier  than  water.  It  may  be  frozen,  without  parting 
with  any  of  the  gas  which  it  contains. 

VI*  Sulphurous  acid  gas  and  oxygen  gas,  when  dry,  do 
not  act  upon  each  other;  but  if  moist,  they  combine  gradu- 
ally, and  the  product  is  sulphuric  acid.  These  gases  com- 
bine also  by  heat  and  electricity. 

VII.  At  a  red  heat,  sulphurous  acid  gas  is  decomposed  Action  of 
by  hydrogen  and  charcoal;  water  and  carbonic  acid  arefj™***^' 
formed,  and  sulphur  deposited.  It  is  not  decomposed  by  * 
sulphur  or  phosphorus,  under  similar  circumstances. 

VIII.  Of  the  metals,  sodium  and  potassium  decompose 
this  acid  gas  readily.  Iron  dissolves  in  it,  without  the  evo- 
lutioo  of  any  gas.  The  peroxides  of  lead  and  of  manganese 
s^bsorb  it,  and  are  converted  into  sulphates  of  these  metals. 
This  occurs  in  consequence  of  the  transfer  of  part  of  the 
oxygen  of  these  oxides,  to  the  sulphurous  acid;  where- 
by the  latter  is  converted  into  sulphuric  acid.  The  action 
of  the  other  metals  on  this  acid  gas,  is  but  imperfectly 
known. 

IX.  Sulphurous  acid  gas  is  composed  of  Compori- 

Sulphur  1 6— one  atom.  ^»on  ^  »«*- 

Oxygen  16— two  atoms*  acki. 

Giving       32  for  the  number  representing 
its  compound  atom* 


SECTION  VIII. 

OF  HYPOSULPHUROUS  ACID. 


ne- 


I*  OxTOEN  combines  with  sulphur  in  a  smaller  proportion  Hjposoi 
than  that  which  exists  in  sulphurous  acid.  This  compound  ^^^.\^\  has 
of  oxygen  and  sulphur  exists  in  certain  salts,  which  have  ▼«»- bc^ 
been  called  h3rpo6ulphite8.  Although  it  has  never  been  ob-  ^  gelmrate^ 

2   C  »tate. 
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BookL   tained  in  a  separate  state,  it  is  supposed  to  possess  acid  pro* 
DifjMon  L  p^r^ies^  2md  the  name  hyposulphuric  acid  has  been  assigned 


to  It. 


IL  It  is  considered  to  be  composed  of 

Sulphur         16— -one  atom. 
Oxygen  8— -one  atom. 


ing  its  atom. 


Giving         24  for  the  number  represent- 


Solphar 
forms  two 
Acklt  with 
hydrogen. 


Sulphur  forms  two  acid  compounds  with  hydrogen.  These 
compounds  are  usually  known  by  the  names  of  std^u- 
retted  hydrogen,  and  supersulphuretted  hydrogen.  They 
will  be  described  in  the  two  following  sections,  under  the 
names  of  hydrosulphuric  acid,  and  hy drosulphurous  acid.* 


SECTION  IX. 

OF  HYDROSULPHURIC  ACID. 

Usual  cheroieal  oaroe.  Sulphuretted  Hydrog^en,  Jlhfibrothiemcf^cidp  of  the 

German  Chemists. 

Ujdrosui-  L  Htdrosulphuric  ACID  may  be  obtained  by  pouring 
phurie  add;  diluted  sulphuric  acid  upon  the  mass  formed  by  fusing  to- 
ed. '  gethcr,  10  a  crucible,  three  parts  of  iron  filings  and  two  parts 
of  stilphur.  The  gas,  which  becomes  immediately  extricated, 
consists  of  hydrosulphuric  acid.  It  must  be  collected  over 
mercury;  being  absorbable  by  water.  When  obtained  by 
this  process,  however,  it  is  generally  contaminated  with  hy« 
drogen.  It  may  be  obtained,  perfectly   pure,  by  digesting 


*  These  names  were  proposed  by  me,  for  the  oompoands  of  sulphnr  and  hj- 
drogen,  in  an  essay,  which  I  read  in  1812,  before  the  Columbian  Chemieal  Sk>- 
cicty,  and  which  was  published,  the  succeeding  year,  in  their  Memoirs.^  The 
same  name  has  been  proposed  for  one  of  them,  namely  sulphuretted  hydrosen, 
by  Gay-Lussac. 

I  have  adopted  the  name  hydrosulphuric  acid,  for  snlphoretted  hydrogen,  not 
only  because  the  compound  has  acid  properties;  but  especially  because  reeent 
discoveries  hsTc  made  chemists  acquainted  with  acids,  precisely  analogous  hi 
composition,  iu  which  a  similar  plan  of  nomenclature  has  been  adopted,  or  pro- 
posed by  hi)(h  authority.  The  acids  alluded  to  are  the  hydit>chlorio,  the  hydri- 
odic,  and  the  hydrocpranic  acids.  With  regard  to  the  supersulphuretted  hydro- 
gen, this  compound  is  probably  a  binary  combination  of  sulphur  and  hydrogen, 
ft  combioes  with  some  of  the  salifiable  bases,  and  forms  compounds,  m  muiy 
respects,  analogous  to  salts.  These  circumstances,  together  with  that  of  its  eon- 
taining  less  hydrogen  than  sulphuretted  hydrogen,  have  induced  me  to  tentflre 
upon  ^ving  it  a  name,  with  the  characteristic  tennination  of  a  sab-toid,  and  t» 
place  It  among  the  acid  bodies. 

t  From  hydrogen  and  ^t,of  sulphur. 

$  MemoUrt  of  the  Colambian  Chemieal  Society,  p.  130. 
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Si^Aiiret  of  antimony,  in  powder,  in  hydrochloric  (muriatic)    Cbap.  n. 

add.  

IL  The  properties  and  composition  of  this  gas  were  first  lu  hbtorj. 
iovestigatcd  by  Scheele  in  1777.  The  gas  was  further 
examined,  in  1786,  by  Kirwan;  who  first  shewed  that  it 
possessed  acid  properties.  This  conclusion  of  Kirwan  was 
mlly  confirmed  by  BerthoUet  in  1794.  It  was  still  further 
investigated  by  Berzelius  in  1807;  and,  more  lately,  by 
Gay*Lu88ac  and  Thenard,  and  Davy. 

III.  Hydrosulphuric  acid  is  a  colourless  and  elastic  fluid,  lu  proper*. 
Uke  common  air.  Its  smell  is  strong  and  fetid^  not  unlike  ^^^ 
that  of  rotten  eggs.    When  in  solution  in  water,  it  converts 
vegetable  blues  to  red.   It  is  about  one  and  one-fifth  times  spec.  gr&T. 
as  heavy  as  common  air.  It  is  capable  of  combustion.  When      ^'^^' 
set  GHD  fire,  it  bums  with  a  bluish-red  flame;  and  a  quantity 

of  smphur  is  deposited.  When  electric  sparks  are  passed 
through  it;  it  is  converted  into  an  equal  bulk  of  hydrogen 
gat;  the  sulphur  being  deposited.  When  its  combustion  is 
complete,  it  is  converted  into  water  and  sulphurous  acid. 

IV.  This  acid  gas  is  not  fit  for  respiration.  Animals  forced 
to  breathe  it  are  destroyed. 

V»  Hydrosulphuric  acid  gas  is  rapidly  absorbed  by  water;  Forma  with 
in  which  state  of  solution,  it  forms  liquid  hydrosulphuric  ^Jfj  ^Vdro- 
fidd.  When  the  liquid  acid  is  a  perfectly  saturated  solution,  tuiphuric 
it  ootttains  about  two  and  a  half  times  its  bulk  of  the  gas.  ^^'\  r^'* 
1  ne  liquid  acid   possesses   the  property   of  precipitating  neaH>  all 
Dearly  all  the  metals  from  their  solutions.  The  metal  falls  ^*>«  metals. 
generally  as  a  sulphuret;  the  hydrogen  of  the  acid  and  the 
oxygen  of  the  metallic  oxide,  going  to  form  water.  The 
acid,  th^efore,  becomes  a  very  useful  test  for  the  presence 
of  metals  in  solution;  more  especially  as  the  colour  of  the 
precipitate  produced  most  generally  indicates  the  particular 
metal  present.  The  colour  of  the  metallic  precipitates,  which 
it  produces,  may  be  seen  in  the  following  statement. 

G«kl  Ukd  Platinam  arc  reduced.  Lead  it  precipitated  Black. 

8ilf«r  it  precipiUted  Black.  Zinc  White. 

Utrtnj  BiHck.  Bismuth  Black. 

PlAdhim  Dark-brovD.  AntioKjnjr  Orange. 

Copper  Black.  Arsenic.  Yellow. 

Tb  Browo.  slolybdeniiiii.  Chocolate. 

• 

Iron«  nickel,  cobalt,  manganese,  cerium,  uranium  and  tita- 
niom  are  not  precipitated  from  solution,  in  the  mineral 
acids,  by  liquid  hydrosulphuric  acid;  and  but  imperfectly 
from  solution  in  vegetable  acids. 

VI.   Hydrosulphuric  acid  combines  with  most  of  the  Forma  wKh 
salifiable  bases,  and  forms  a  set  of  compounds,  which  are^*^'**^^" 
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Book  I.   veiy  analogous  to  salts.  These  combinatioos  will  be  describ' 
Diwrfonli.  ^  J  under  the  heads  of  their  respective  bases, 
drotui.  VII.  Hydrosulphuric  acid  is  composed  of 

lu'^iK^  Sulpl^"^  16-one  atom. 

litioD.  Hydrogen  l—^ne  atom. 

Giving  17  for  the  number  represent" 
ing  the  weight  of  its  atom. 


SECTION  X. 

OF  HYDROSULPHUROUS  ACID. 
UiQsl  eheinieal  names,  Uydros^tretud  Sulphur, — SuperndftkureUed  Skfdr^goi. 

HydroBui-       I.  Htdrosulphurous  ACID  may  be  obtained  by  adding, 

Srill^ow    gradually,   hydrochloric   (muriatic)   acid,   to   the   brown- 

obtaiDed.    coloured  liquid,  obtained  by  boiling  together,  liquid  potash 

and  sulphur.    Hydrosulphuric  acid  is  evolved,  and,  at  the 

same   time,  a  substance   precipitates.   This   substance   is 

hydrosulphurous  acid. 

II.  Hydrosulphurous  acid  was  first  noticed  by  Scheele; 
but  it  was  Berthollet  who  first  ascertained  its  chemical 
nature, 
lu  proper-      HI.  Hydrosulphurous  acid  b  a  liquid  of  a  yellowish- 
^^  brown   colour,    having   considera))le   resemblance   to   (m1. 

When  exposed  to  heat,  it  drops  a  portion  of  its  sulphur, 
and  exhales  in  the  form  of  hydrosulphuric  acid  gas.  A  si- 
milar decomposition  of  it  takes  place  upon  exposure  to  air. 
It  forms,  with  some  of  the  salifiable  bases,  cdteponnds, 
which  are  usually  called  hydroguretted  sulfihurets*  They 
will  be  called,  in  the  present  work,  hydrosulphites,  and  be 
described  under  the  heads  of  their  different  bases. 


Seieniam  Selenium  forms  one  acid  compound  with  oxygen;  namely, 
iSHeW  ^*'  selenic  acid.  This  acM  will  be  noticed  in  the  following 
vfiih  oxy.       section. 

^'  SECTION  XI. 

OF  SELENIC  ACID. 

Seicnio      ^    I.  Berzelius  has  ascertained,  that  if  selenium  be  heated 
^jJln*Sr    ^^  ^  ^^8c  fli«sk,  full  of  oxygen  gas  or  atmospheric  air,  it 
evaporates,  without  undergoing  combustion,  and  is  convert- 
ed into  a  gaseous  oxide.  This  fact  ought  to  have  been 
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mendoDed  under  the  head  of  selenium.  On  the  other  hand,  Ciav.  n. 
if  sdeniuin  be  exposed  to  heat  in  a  hoUow  g^bbe  of  ghtts,  ' 
about  an  inch  in  diameter,  in  which  it  has  not  room  to 
eviporale,  and  a  current  of  oxygen  be  made  to  pass  through 
k}  this  peculiar  substance,  at  the  moment  of  ebullition, 
enters  into  combustion,  with  a  flame,  white  at  its  base,  but 
green,  or  bluish-green,  at  the  edges,  and  sublimes  without 
residue.  The  sublimed  product  is  selenic  acid.  Selenium  is 
converted  into  selenic  acid  also,  by  the  action  of  nitric  or  sul- 
pbtnic  acid,  or  aqua  regia. 

IL  Selenic  acid,  immediately  after  it  is  formed,  has  a  Iti  proper- 
lustre  peculiar  to  itself,  which  it  soon  loses  by  the  absorp-  ^^- 
tioo  of  humidity  from  the  air.   It  has  an  acid  taste,  leaving 
a  weak  burning  sensation  upon  the  tongue.  In  the  form  of 
gas,  it  has  a  penetrating  odour.  It  dissolves  readily  in  cold 
water,  and  in  all  proportions  in  boiling  water.    It  combines 
vith  salifiable  bases,  so  as  to  form  pecuTiar  salts.  . 
III.  Selenic  acid  is  composed,  in  whole  numbers,  of        Compoii- 

Selenium         40— one  atom.  ^^* 

Oxygen  16— two  atoms. 

Giving  56  for  the  number  representing 
the  wrig^t  of  its  atom.* 


Selenium  forms  one  acid  compound  with  hydrogen,  which  Seieninm 
is  called  by  Berzelius,  selenuretted   hydrogen.    It  willj^Ji^^^ 
be  noticed,  in  the  following  section,  under  the  name  ofaci<i  with 
hydroseknic  acid.  hydrogen. 

SECTION  XII. 

OF  HYDROSELENIC  ACID. 

I.  Htdroselenic  acid  may  be  procured, by  pouring  di-  Hydrote- 
luted  hydrochloric  (muriatic)  acid  upon  selenurct  of  potas-  {jo^^JbuSi- 
sium,  contained  in  a  small  retort.  The  selenuret  swells  and  ed. 
becomes  red,  and  a  gas  is  extricated.   This  gas  is  hydrose- 

lenic  acid.  It  was  discovered  by  Berzelius. 

II.  Hydroselenic  acid  is  an  invisible  and  elastic  fluid,  Us  proper- 
Gke  common  air.   It  acts,  with  great  violence,  upon  the^^ 
organs  of  respiration  and  of  smell.   A  bubble  of  the  gas, 

not  larger  than  a  pea,  is  capable  of  destroying  the  sense  of 
smell,  so  far,  as  not  to  be  sensible  to  the  impression  of  am- 
monia for  several  hours.  The  irritation,  which  it  produced, 

*  Bendios,  Anaalet  de  Chimie  et  de  Physique  IX.  231.  et  seq.  (Nov.  1818.) 
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BookL  caused  a  violent  defluxion  from  the  nose,  and  the  < 
2'  become  instantly  red.  It  dissolves  in  water,  totally  d( 
of  air,   without  decomposition;   but  the  presence 
smallest  quantity  of  air,  causes  the  solution  to  ass 
red  colour.  This  appearance  of  a  red  colour  is  owin^ 
reduction  of  the  selenium;  the  hydrogen  of  the  acid 
bining  with  the  oxygen  of  the  common  air  present,  f< 
water.  The  solution  is  colourless,  and  possesses  an 
taste.  It  stains  the  skin  of  a  brown  colour,  which  cai 
removed  by  washing.  It  becomes  decomposed  by  es 
to  air,  first  in  the  upper  parts,  but  afterwards  the 
and  changes  throughout  to  a  red  colour;  the  seleniun 
reduced.  It  precipitates  all  metallic  solutions,  not  exi 
those  of  zinc  and  iron,  when  in  a  neutral  state.  Al 
precipitates  are  of  a  black  or  brown  colour,  except  tl 
zinc,  manganese,  and  cerium,  which  are  of  a  flesh 
The  acid  gas  combines  with  some  salifiable  base 
forms  compounds  analogous  to  salts. 

III.  Hydroselenic  acid  is  composed,  in  whole  numl 

Selenium  37 

Hydrogen  1 


tiOB 


38\«-Supposing  It 
pound  of  one  atom  of  each  of  its  constituents;  tl 
weight  of  an  atom  of  selenium  would  be  represented 
mutajier  37.  Thus  it  is  perceived,  that  the  same  eqi 
number  cannot  be  deduced  from  the  consideration 
selenic  and  hydroselenic  acids. 


Teilariam  Tellurium  forms  one  acid  compound  with  oxygen;  i 
[SS'add  telluric  acid.  This  acid  will  be  noticed  in  the  fo 
'with  ozy-        section. 

^'  SECTION  XIII. 

OF  TELLURIC  ACID. 

Teiiurie  I*  TELLURIUM  forms,  with  oxygcu,  but  one  con 

acid,  al'      which,  in  different  salts,  sometimes  performs  the  pa 

tubbed  at  a  ^^^^1  and  sometimes  of  a  salifiable  base.  As  the  ace 

aaid&able     the  salifiable  bases  precedes  that  of  the  acids,  in  this 

**^*         it  became  necessary  to  describe  this  compound  fit 

salifiable  base;  and  this  is  done  under  the  head  of  tel 

page  49.  It  is  mentioned  here  incidentally,  in  ord 

*  Btrzeliaa,  AnnalesdeChimie  et  de  Physique  IX.  p.  831.  et  seq.  (Nc 
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the  emmieratioii  of  the  acids,  embraced  by  the  present  Ciy.n. 
choBj  may  be  complete.  -i— — ~ 


Tdlttrium  forms  one  acid  compound  with  hydrogen.  This  T«ihiriam 
combination  is  generally  called  telluretted  hydrogen.  It^|^^^ 
will  be  noticed,  under  the  name  of  hydrotelluric  acid,  Mid,  witk 
m  the  following  section.  hydrogwi. 

SECTION  XIV. 

OF  HYDROTELLURIC  ACID. 

L  Hydrotelluric  acid  may  be  formed  by  pouring  Hyidrotei- 
dSuted  sulphuric  acid  upon  a  mixture  of  oxide  of  tellurium,  jj'^^j^b- 
potash  and  charcoal,  the  latter  having  been  previously  ex-  ed. 
posed  to  a  red  heat.   A  gas  is  immediately  evolved,  which 
fliust  be  collected  over  mercury.  This  gas  is  hydrotelluric 
^id.  It  was  discovered,  in  1809,  by  Sir  H.  Davy. 

II.  Hydrotelluric  acid  is  a  colourless  and  elastic  fluid  Iti  proper- 
like  common  air.  Its  smell  is  strong  and  peculiar,  and*"^ 
Somewhat  resembles  that  of  hydrosulphuric  acid  (sulphu- 
retted hydrogen).  It  bums  with  a  bluish  flame,  and  is  con- 
certed into  oxide  of  tellurium.  Its  solution  in  water  has  a 
claret  colour.  Like  hydrosulphuric  acid,  it  precipitates  most 
rtietallic  solutions.  It  is  capable  of  neutralizing  salifiable 
bases,  with  which  it  forms  compounds  analogous  to  salts. 


CLASS   n. 


JiCJDS,  WHOSE  BASES  FORM  ACID  COMPOUJ^DS,  WITH 

OXYOEJ^  OJVLY. 

Acids  belonging  to  this  class  are:  Seeood 

L  Nitrie  Acid.  7.  Phoephoroat  Add.  13.  Molybdic  Aoid.         ^^.?Li^ 

8.  Nitroas  Add.  8.  Hjpoph<»phoroiu  IS.  Molybdoat  Add.       !r!»»t^ 

3.  Hjpooitroiu  Add.  Acid.  14.  Tangitio  Add. 

4  CartKiDie  Add.  9.  Aneoio  Add.  15.  Colainbio  Aeid. 

S.  Boneie  Add.  10.  Araenioaa  Add.  16.  Antimonic  Add. 

S.  PhotphorieAdd.  11.  Chromie  Add.  17.  AntimoDioiiiAdd. 

These  acids  will  be  described,  in  the  order  in  which  they 
have  been  enumerated,  in  the  following  sections* 
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Book  I. 

Asote  Azote  forms  three  acids  with  oxygen;  namely,  nitric  acid, 
^db  ^tT  nitrous  acid,  and  hyponitrous  acid.  These  acids  will  be 
ozjfen.  described  in  the  three  following  sections. 

SECTION  I. 

OF  Nrrnic  acid. 

Common  nimes.  Spirit  of  Mtre.'^jigua  Ftrtit, 

Nitric  aoki;  I.  NiTRic  ACID  may  be  obtained  by  the  following  pro- 
howobub-^^gg.  j^jjj  j^^Q  pj„^  Qf  nitrate  of  potash  (nitre)  with  one 

part  of  sulphuric  acid,  in  a  glass  retort.  Adapt,  to  the  moadi 
of  the  retort,  a  receiver,  from  which  a  glass  tube  passes 
into  one  of  the  exterior  openings  of  a  bottle  with  three 
mouths.  Pour  a  little  water  into  the  bottle,  and  fix  a  tube 
of  safety*  to  its  central  mouth.  To  its  third  mouth,  adjust 
a  second  tube,  and  let  it  communicate  with  the  pneumatic 
trough.  The  apparatus  being  thus  arranged,  apjuy  heat  to 
the  retort,  and  cTadually  increase  it,  until  it  reach  the  tem^ 
perature  of  50Gr.  A  vapour  is  evolved,  which  condenses  io 
the  receiver.  This  condensed  vapour  consists  of  nitric  acid^ 
holding  in  solution  a  portion  of  deutoxide  of  azote  (nitrous 
gas).  Expose  it,  for  some  time,,  to  the  influence  of  heat:  th^ 
deutoxide  of  azote  will  be  driven  off;  and  the  nitric  add* 
left  behind.  The  nitric  acid  is  formed  in  this  process,  m 
consequence  of  the  decomposition  of  the  nitrate  of  potash# 
The  sulphuric  acid  combines  with  its  potash,  while  the 
nitric  acid  is  extricated  in  the  form  of  vapour. 

II.  The  Edinburgh  college  directs  the  following  process 
for  preparing  nitric  acid:  Expose  nitrous  acid,  in  a  retort, 
furnished  with  a  receiver,  to  a  very  gentle  heat,  until  its 
reddest  portion  shall  have  passed  over.  What  remains  in 
the  retort  will  be  nitric  acid.  The  liquid,  which  is  called  by 
the  Edinburgh  college,  nitrous  acid,  is  in  fact  nitric  acid, 
holding,  in  solution,  a  quantity  of  deutoxide  of  a2x>te 
(nitrous  gas).  The  same  kind  of  nitric  acid  is  obtained 
in  the  process  detailed  in  the  preceding  paragraph.  When 
it  is  exposed  to  heat,  the  deutoxide  of  azote  is  driven 
off. 


*  A  tube  of  safety  it  a  tube,  nrhich  is  fixed  in  ▼etiels,  in  whieh  distillatioss  ^^ 
made,  with  one  end  open,  communicating  with  the  eztemaJ  air,  and  the  other 
immersed  below  the  surface  of  the  liquifl  eontained  in  them.  It  has  the  eff^  of 
preventing  the  bursting  of  veaaels;  for  if  a  vacuum  take  place,  the  air  mshei 
down  the  tube  of  safety,  and  restores  the  equilibrium  of  pressure.  On  the  other 
hand,  if  any  gaseous  fluid  be  suddenly  extricated,  the  contained  liquid  u  fomd 
up  the  tube. 
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in.  Nitric  tcid  appears  to  have  been  first  obtained  bv  Cba».  IL 
St^'mond  LuUy,  a  chemist,  who  lived  in  the  13th  century. ' 

IV.  Nicric  acid,  when  recently  prepared,  is  a  transparent  lu  praptr- 
nd  cdourless  liquid  like  water.  Its  taste  is  exceeding  acrid.  ^^^ 

It  corrodes  rapidly  animal  substances  of  all  kinds.  When 
applied  to  the  skin,  it  stains  that  membrane  of  an  indelible 
ytOow  colour.  It  constandy  emits  white  fumes,  which  have 
ID  acrid  and  disagreeable  odour.  It  is  very  readily  decom* 
posed;  even  the  action  of  light  will  cause  it  to  evolve  oxy- 
gen gas,  and  to  form  deutoxide  of  azote,  whereby  it  assumes 
i  yeUow  colour. 

V.  Nitric  acid  has  never  been  obtained  perfectly  free  Alwijs 
from  admixture  of  water.  When  as  much  concentrated  as  ^^^ 
pOisiUey  it  is  about  one  and  a  half  times  as  heavy  asspee.  gn?. 
waier»  When  its  specific  gravity  is  1*42,  its  boiling  point      ^'^^' 

ii  at  the  temperature  of  248^.  If  it  be  more  or  less  concen* 
Hated,  its  boiling  point  is  lower.  When  exposed  to  the 
temperature  of  —  66^,  it  begins  to  congeal;  and,  if  agitated, 
ii  converted  into  a  mass  of  the  consistence  of  butter.  The 
httj  that  nitric  acid  has  never  been  obtained  free  from 
Viler,  proves  the  strong  affinity  which  it  has  for  this 
EqoiiL  It  attracts  moisture  from  the  atmosphere;  but  not 
With  the  same  avidity  as  sulphuric  acid  does. 

VL  Nitric  acid  is  capable  of  combining  with  oxygen,  as  May  be 
Thenard  has  lately  discovered.  This  chemist  obtained  the  ^Jrf^de!? 
oxidized  acid  in  the  following  manner:-«Peroxide  of  barium  greet. 
was  first  moistened  with  water,  so  as  to  make  it  fall  to 
powder,  and  then  mixed  with  seven  or  eight  times  its 
Weight  of  water.  Diluted  nitric  acid  was  now  added  to  the 
mixture:  no  gas  was  evolved,  and  the  solution  was  found 
to  be  neutral.  Upon  adding  sulphuric  acid  to  the  solution, 
lolphate  of  barytes  was  immediately  precipitated;  and  the 
•econd  dose  of  oxygen  of  the  peroxide,  instead  of  being 
evolved,  was  transferred  to  the  nitric  acid.  After  the  in- 
soluble sulphate  was  removed,  the  remaining  liquid  proved 
to  be  an  oxidized  nitric  acid.  Oxynitric  acid  is  a  colourless 
liquid.  It  is  capable  of  reddening  vegetable  blues.  It  pos- 
sesses most  of  the  properties  of  nitric  acid.  When  heated, 
it  parts  with  its  oxygen,  but  not  completely,  unless  after 
being  kept  boiling  for  a  considerable  time.  It  was  concen- 
trated so  far,  by  Thenard,  as  to  contain  eleven  times  its 
bulk  of  oxygen.  It  combines  with  some  of  the  salifiable 
bases,  with  which  it  forms  very  decomposable,  non-crystal- 
lizaUe  salts.* 


*  The  faets  abofre  given,  respecting  oxynitric  add,  were  taken  fiiom  a  trant* 
WUim  of  Tbcnard't  pspcrt  in  the  Annals  of  Philoiophy. 

2  D 
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Book  L      VIL  Nitric  acid  is  decomposed  by  all  the  combuatiUeSyCX- 
DiTJMonlL  cept  the  diamoDd,  gold,  platinum,  palladium,  rhodium,  and 
ActioQ  of   columbium.  It  is  not  affected  by  hydrogen,  at  the  common 
biet  upm    temperature  of  the  air;  but,  if  passed  along  with  thia  com* 
nitiioafiid.  bustible,  through  a  red-hot  porcelain  tube,  a  violent  detonar 
tion  takes  place;  water  is  formed,  and  azote  evolved*  When 
poured  upon  charcoal,  perfectly  dry  and  minutely  divided, 
it  is  decomposed  with  such  rapidity,  that  the  charcoal  ii 
instandy  inflamed.  In  like  manner,  it  inflames  phosphorus 
and   sulphur,   at  high  temperatures*    When  poured  upon 
perfectly   dry   iron    filings,   it   parts  with   its    oxygen   so 
suddenly,'  as  to  set  them  on  fire.  The  same  eflfect  is  pro- 
duced, when  the  acid  is  poured  upon  zinc,  tin,  or  bismuth, 
in  a  state  of  fusion.   When  poured  upon  drying  oils,  it  sets 
them  on  fire  instantaneously.  The  same  eflfect  b  produced 
upon  other  oils,  provided  a  little  sulphuric  acid  be  first 
added  to  them. 
Nitrio  aeki      VIII.  Nitric  acid  has  the  property  of  absorbing  deulox- 
deotoxlde    *^^  ^^  azote  (nitrous  gas),  in  different  proporuons.  This 
of  azote,     combination  was  formerly  called  phlogisticated  nitric  acid. 
When  the  gas  is  placed  in  contact  with  the  acid,  the  latter 
becomes  at  first  a  pak  yellow,  then  a  bright  yellow.   After 
a  considerable  quantity  of  the  gas  is  absori>ed,  the  acid, 
becomes  dark-orange,  then  olive,  which  colour  increases  im 
intensity,  as  the  aibsorption  proceeds.    The  next  colour, 
which  appears,  is  bright-green;  and  lastly,  when  fully  sa^ 
turated,  it  is  blue-green. 
Ititdeeom-      IX.  When  nitric  acid  is  mixed  with  hydrochloric  (mu— 
vhen'mix.  ''^^^^0  ^cid,  a  decomposition  instantly  takes  place^  and  th& 
ed  witli  hy-  odour  of  chlorine  becomes  perceptible.  Part  of  the  nitric- 
dmbiorio  acid  is  decomposed  into  deutoxide  of  azote  (nitrous  gas^ 
and  oxygen.  The  deutoxide  of  azote  remains  in  solution  in. 
the  acid;  the  oxygen  combines  with  the  hydrogen  of  th^ 
hydrochloric  acid,  while  the  chlorine  of  the  latter  is  evolv^ 
ed.  The  mixture  ojf  nitric  and  hydrochloric  acids  was  former-^ 
ly  called  aqua  regia. 

X.  When  nitric  acid  is  poured  upon  iodic  acid,  in  a  con- 
centrated state,  white  crystals  are  deposited,  which,  upon, 
dr^'ing,  are  partly  sublimed,  and  pardy  decomposed  into 
iodine,  oxygen,  and  nitric  acid. 
It  forms  ni-      XI.  Nitric  acid  combines  with  the  different  salifiable 
batwl^''*^  bases,  and  forms  a  set  of  salts  called  nitrates.  These  salts 
will  be  described  under  the  heads  of  their  respective  bases* 
Compofi-        XII.  Nitric  acid  is  composed  of 
^®"*  Azote         14— one  atom. 

Oxygen       40— five  atoms. 

Giving  54  for  the  number  representing 
the  weight  of  its  atom. 
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XIII.  Priestley  and  Lavoisier  made  the  preparatory  in-  Crap.  n. 
vertigations,  which  led  to  the  discovery  of  the  constituents  Aecount  of 
of  itttnc  acid.   Lavoisier  had  snspected,  from  an  experi-  the  disoo. 
aeat,  in  which  he  decomposed  nitrate  of  potash  (nitre)  by  ^^^1,!^ 
diarcoal,  that  the  base  ot  nitric  acid  is  azote.  Several  of  enu. 
Dr.  Priestley's   experiments   seemed  to   show   the   same 
dung.  But  its  particular  constituents  were  not  absolutely 
demonstFated,  before  Cavendish  made  his  celebrated  expe- 
riment of  forming  nitric  acid,  by  passing  repeated  shocks 
of  electricity,  through  a  mixture  of  oxygen  and  azotic 
gases. 

XIV.  Nitnc  acid,  in  a  state  of  vapour,  has  been  employ-  Nitrie  aeid 
cd  to  destroy  the  contagion,  or  noxious  effluvia,  with  which  fJJ/foJT^^' 
jails,  bospitsds,  ships,  and  over-crowded  places,  are  liable  to  troyinr 
become  infected.  The  manner,  in  which  it  is  employed,  is  to  «<>"^P^ 

^i_i^  r.^r        ^t^r'^\'  Mid  noxious 

pat  half  an  ounce  of  nitrate  ot  potash  (nitre)  in  a  saucer,  ef&aTu. 
placed  in  an  earthen  vessel,  filled  with  heated  sand.  To  the 
nibrate  of  potash,  two  drams  of  sulphuric  acid  are  to  be 
added;  which  decomposes  the  nitrate,  the  nitric  acid  flying 
of  in  a  state  of  vapour.  The  nitric  fumes,  from  the  decom- 
position of  half  an  ounce  of  nitrate  of  potash,  are  calculated 
to  be  sufficient  to  fill  a  cube  of  ten  feet.  The  application  of 
mtric  acid  vapour,  to  the  purposes  of  purifying  infected 
apartments,  was  first  made  by  Dr.  Carmichael  Smyth; 
who  received  for  hia  discovery,  from  the  British  govern- 
ment, a  reward  of  five  thousand  pounds. 

XV.  Nitric  acid  constitutes  an  important  article  of  the  Nitrie  acid, 
materia  medica.  Its  action  appears  to  be  that  of  a  very  ■"  ^'"P^r^" 
powerful  stimulant.    It  has  been  used,  with  advantage,  in  cine. 

W  tjrphus  fevers.  In  the  venereal  disease,  when  combined 
with  deutoxide  of  azote  (nitrous  gas),  under  the  form 
of  what  is  commonly  called  nitrous  acid,  it  has  been  used 
with  unequivocal  advantage.  It  has  suspended  all  the 
symptoms  of  that  disease,  whether  of  its  first  or  second 
stage;  and,  in  some  cases,  they  have  not  returned.  It  cannot, 
however,  be  depended  upon  as  a  remedy  in  syphilis;  but  as 
sm  auxiliary  means  in  its  treatment,  in  some  cases,  it  is  of 
indispensable  importance.  These  cases  are  such,  in  which, 
b(Hn  an  impaired  constitution,  mercury  cannot  be  resorted 
to  at  once.  Here  then  the  acid  removes  the  more  alarming 
symptoms,  increases  th^  strength  of  the  system,  and  thereby 
prepares  the  way  for  the  subsequent  exhibition  of  mercury. 
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OF  NITROUS  AQD. 

I.  Nitrous  acid  may  be  obtained  by  distilling  perfccdjr 
dry  nitrate  of  lead  in  a  reton,  fitted  with  a  receiver.  A. 
liquid  comes  over,  which  is  nitrous  acid. 

II.  Nitrate  of  lead  is  composed  of  nitric  acid  and  prO' 
toxide  of  lead.  When  it  is  exposed  to  heat,  the  lead  become* 
peroxidized  at  the  expense  of  the  acid,  which  distik  over 
m  the  form  of  nitrous  acid. 

III.  This  acid  was  discovered  by  Scheele.  This  chemists 
found,  that,  when  nitrate  of  potash  (nitre)  was  exposed,  for 
a  certain  time,  to  a  red  heat,  a  quantity  of  oxygen  was  ex- 
tricated; yet  Lie  neutral  properties  of  the  salt  were  not 
altered.  If  acetic  acid  be  poured  upon  this  salt,  vapours  of 
nitrous  acid  are  evolved. 

IV.  Nitrous  acid  is  an  orange-coloured,  very  volatile, 
fuming  liquid.  Its  taste  is  very  sour.  When  mixed  with 
water,  an  effervescence  ensues,  and  deutoxide  of  azote 
(nitrous  gas)  is  extricated.  It,  therefore,  appears  incapable 
of  uniting  with  water. 

V.  It  IS  somewhat  less  than  one  and  a  half  times  as 
heavy  as  water.  Its  boiling  point  is  at  the  temperature 
of  82®. 

VI.  It  combines  with  many  of  the  salifiable  bases,  and 
forms  a  set  of  salts  called  nitrites.  These  salts  will  be 
described  under  the  heads  of  their  respective  bases. 

Vllt  Nitrous  acid  is  composed  of 

Azote  14— one  atom. 

Oxygen        32 — ^four  atoms. 

Giving   46  for  the  number  representing 
the  weight  of  its  atom. 


SECTION  III. 


OP  HYPONrrROUS  A^ID. 

Hjponi-  I.  Gat-Lussac  has  made  it  probable,  from  his  experi- 

i^t^'ttt^*  ii^ci^ts,  that  there  is  another  compound  of  azote  and  oxygen, 
enoe  ren-  possessing  acid  properties,  which  contains  less  oxygen  than 
babte£r^  nitrous  acid.  To  this  combination  he  gives  the  name  of 
Gaj.Lai-    pemitrous  acid.  The  name  adopted  here  is  that  proposed 
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bjr  Dr.  Thomsoii.  This  compound  has  never  been  obtained  Chaf.  n. 
iaaieparate  state;  neither  ib  it  known  whether  it  is  capa-  — — ^ 
Ue  of  combining  with  salifiable  bases* 
IL  It  appears  to  be  composed  of 

Azote  14— one  atom. 

Oxygen  24— three  atoms* 


Its  atom. 


Giving  38  for  the  number  representing 


Carbon  forms  but  one  acid  by  combining  with  oxygen;  Carboi 
namely,  carbonic  acid*  This  acid  is  described  in  the  fol-  ^]^jf(^^ 
lowing  section*  with  017. 

SECTION  IV. 

OF  CARBONIC  ACID. 
Sjii.  Fixed  Mr,^--Jierial  Aad.'-JI&pHtU  Add^CiOear^ 

I*  Caxbonic  acid  may  be  obtained  by  pouring  sulphuric  Carbonie 
idd  upon  a  quantity  of  chalk,  mixed  with   water.   An^JJ^^ 
dEnvescence  takes  place,  and  a  gas  is  extricated:  this  gas 
is  carbonic  acid. 

II.  Chalk  is  a  compound  of  the  acid  under  description 
and  lime.  The  sulphuric  acid  poured  upon  it  combines  with 
the  lime,  and  displaces  the  carbonic  acid,  which  flies  off  in 
the  form  of  gas. 

III.  Carbonic  acid   is  a  gaseous  fluid,   invisible   and  ^t*  Pi^^P^r- 
dastic  like  common  air.  It  is  destitute  of  smell.  It  reddens 
tmcture  of  tumsol,   but  no  other  vegetable  colour.   It  is 

not  altered  by  exposure  to  heat  in  close  vessels,  or  by  be- 
ing passed  through  a  red-hot  tube. 

IV.  It  is  a  little  more  than  one  and  a  half  times  as  heavy  8pee.  jrtv. 
as  common  air.  Its  weight  is  sufiicient  to  admit  of  its  being     ^'^' 
poured  from  one  vessel  to  another. 

V.  Carbonic  acid  does  not  support  combustion.  When  a 
lighted  candle  is  plunged  into  the  gas,  it  is  immediately 
extinguished.  The  same  effect  is  produced  when  the  gas  is 
poured  upon  a  burning  body.  It  is  not  fit  for  supporting 
fcipiration. 

VI.  At  the  temperature  of  55^^  water  absorbs  a  little  AbiorbaUe 
Qore  than  its  bulk  of  this  gas,  and  suffers  a  small  increase  ^^  '^'^^^' 
in  its  specific  gravity.    At  the  temperature  of  35°,  liquid 
cttbonic  acid  has  no  taste;  but  at  8S  ,  it  becomes  sparkling,* 
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BookL    and  agreeably  acid.  Ice  is  not  capable  of  absorbing  thia 
Diviikm  II.  g|^,  ^^^  jf  ^atct,  saturated  with  it,  is  either  frozen  a: 
boiled,  the  whole  of  the  gas  is  separated. 

By  artificial  pressure,  water  may  be  easily  made  to  take 
up  six  times  its  bulk  of  this  gas,  or  even  a  much  largei 
quantity.  Water,  when  thus  impregnated,  and  a  portion  oi 
carbonate  of  soda  dissolved  in  it,  constitutes  the  soda  water, 
which  is  so  largely  drunk,  in  the  summer  season,  in  the 
cities  of  the  United  States. 
Aetion  of  VII.  The  undecompounded  supporters  do  not  appear  to 
bJw.  have  any  action  upon  carbonic  acid.    Of  the  combustibles, 

charcoal,  at  a  red  heat,  robs  it  of  part  of  its  oxygen,  and 
.  converts  it  into  carbonic  oxide.   Phosphorus  is  capable  of 
decomposing  this  acid  when  combined  with  lime,  by  means 
of  heat;  phosphoric  acid  is  formed,  which  combines  with 
the  lime,  and  charcoal  is  deposited. 
Combines        VIII.  Carbonic  acid  combines  with  salifiable  bases,  and 
•nd^fOTrnT'  fo^i^iQs  A  s^^  ^f  compounds  called  carbonates.   These  salts 
Mrbonatet.  will  be  described  under  the  heads  of  their  respective  bases. 
Compos-        IX.  Carbonic  acid  is  composed  of 
***•  Carbon  6— one  atom. 

Oxygen  16— two  atoms. 

Giving    22  for  the  number  represendng 
the  weight  of  its  atom. 
Carbonic        X.  The  nature  of  carbonic  acid  was  gradually  ascertain- 
to'lliiitt-^"'  ed  by  the  successive  labours  of  chemists.  Hales  had  noticed 
that  a  certain  air  could  be  separated  from  limestone  and 
similar  substances,  and  that  it  was  one  of  their  constituents^ 
The  bare  fact  of  its  existence  was  all  that  was  known  con- 
cerning it,  before  the  discoveries  of  Black.  This  chemist 
aioeruin-    ascertained,  that  it  existed  in  chalk,  in  common  magnesia, 
tode  ri*Je^^°^  in  common  potash  and  soda;  and  that  these  substan- 
potasb,  80-  ces,  in  their  caustic  state,  were  deprived  of  their  causticity, 
da  and       \^y  combining  with  this  air.  As  it  became  fixed  in  these 
their  eaus-  bodies,  under  certain  circumstances,  he  gave  it  the  name  of 
^ti%  by    fixed  air.  After  Black,  Cavendish  and  Priestley  made  ex- 
tnth  th«ln.  periments  upon  the  air,  aiid  ascertained  many  of  its  proper- 
ties.   Kier  was  the  first  to  ascribe  to  it  acid  properties; 
which  were  afterwards  proved  to  belong  to  it  by  Bergman 
and  Fontana.   Bergman  adopted  the  opinion  of  Pridstleyi 
that  it  was  an  element  of  atmospheric  air,  and  called  it 
aerial  acid*    From   its  occasioning  death  when  respired, 
Bewdley  called  it  mephttic  acid* 

By  the  labours  of  the  chemists  just  mentioned,  the  more 
important  properties  of  fixed  air  were  ascertained.  But  the 
important  question  was  yet  to  be  answered;  was  it  to  be 
considered  a  compound  or  an  elementary  substance? 
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Priestley  and  Bergman,  at  first,  appear  to  have  consi-  Chap.h, 
dcred  it  an  elementary  subsjtance;  while  some  other  che-  SoppoMd, 
mists  accounted  it  an  acidifying  principle.    As  soon  as  its  bv  tomo 
cooipound  nature  was  ascertained,  and  that  oxygen  was^^JU^ 
ODc  of  its  constituents,  the  general  belief  was,  that  it  was  a  eiemenurj 
compound  of  oxygen  and  phlogiston;  and  when  hydrogen  •'^bitance: 
(according  to  Kir  wan)  came  to  signify  the  same  thing  as 
phlogiston,  of  oxygen  and  hydrogen. 

While  the  opinions  of  chemists  were  thus  vacillating,  as  profed'bj 
to  the  real  nature  of  fixed  air,  Lavoisier  succeeded  in  l-»J""«r 
provmg  us  constituents  to  be  oxygen  and  carbon.  It  was  posed  of 
this  chemist  who  gave  it  the  name  of  carbonic  acid,  from  the  o»}S«tt*n* 
aame  of  its  base.  *"'**'• 


^tt)n  forms  but  one  acid  with  oxysen;  namely,  boracic  Borni 
acid.  This  acid  is  described  in  the  following  section.        fomiimt 

*'  one  aeid 

witbosj- 

SECTION  V. 

OF  BORACIC  ACID. 

Sedative  or  Narcotic  Salt  of  Homberg.        « 

I.  BoRACic  ACID  may  be  obtained  by  dissolving  borax Boneie 
in  hot  water,  filtering  the  solution,  and  afterwards  precipi-  JJ^^  bo^ 
tating  it,  by  means  of  sulphuric  acid,  added  in  excess. 

A  crystallized  precipitate  falls,  which,  when  washed,  and 
dried  on  filtering  paper,  is  boracic  acid  in  the  state  of 
hydrate. 

II.  Borax  is  a  compound  of  boracic  acid  and  soda. 
When  sulphuric  acid  is  added  to  its  solution,  it  is  decom- 
posed; sulphate  of  soda  is  formed,  and  boracic  acid,  preci- 
pitated. 

III.  Boracic  acid  has  heretofore  been  found  only  in  bo-ExiMaoniy 
rax,  in  a  state  of  combination  with  soda.  ^  bom. 

IV.  Boracic  acid  was  discovered,  in  1702,  by  Homberg,  Diseofer- 
by  whom  it  was  called  sedative  or  narcotic  salt,  while  dis-  hq^j^,-^ 
tilling  a  mixture  of  green  vitriol  and  borax.   Homberg  was 

not  aware  of  its  real  nature;  and  it  was  not  until  about  50 
years  afterwards,  that  its  acid  properties  were  ascertained, 
when  it  was  named  boracic  acid. 

The  discovery  of  its  compound  nature  and  constituents, 
by  Gay-Lussae  and  Thenard,  and  Davy,  has  already  been 
noticed  under  the  head  of  boron. 

V.  Boracic  acid,  as  obtained  by  the  process  given  in  the  PropertWt» 
first  paragraph,  is  a  solid,  in  the  form  of  scales,  of  a  silver- 


916  ^^^°^- 

Baox  I.  white  colour*  It  hai  a  greasy  feeU  and  hai  some  resemUance 
DjyjifamlL  iQ  spermaceti.  Its  taste  is  somewhat  sour  at  first;  it  tbca 
becomes  bitterish  and  cooling,  and  at  last  agreeably  sweet 
After  being  heated  to  redness,  however,  it  loses  its  soar 
taste.  It  has  no  smell;  but  the  addition  of  sulphuric  add  to 
it,  produces  a  transient  odour  of  musk.  Vegetable  blues  are 
changed  to  red  by  its  action. 
^P^P^^'  VI.  It  is  somewhat  less  than  one  and  a  half  times  as 
heavy  as  water.  It  is  perfecdy  fixed  in  the  fire.  Its  melting 
point  is  at  a  red  heat.  By  fusion,  it  is  converted  into  a  hara 
transparent  glass,  which  becomes  somewhat  opaque  by  ex- 
posure to  air.  In  this  state,  its  specific  gravity  is  l*80d. 

VII.  Boiling  water  scarcely  dissolves  the  -f^xh  part  of 
its  weight  of  boracic  acid;  and  cold  water,  a  still  smaller 
quantity.  When  this  solution  is  distilled  in  close  vesselsi 
part  of  the  acid  comes  over  with  the  water.  Hence,  al- 
though extremely  fixed  in  the  dry  state,  when  in  solution, 
it  is  somewhat  volatile. 
AeHoQof  VIII.  None  of  the  undecompounded  supporters  exert 
1^1^^'*''^^  any  action  upon  boracic  acid.  Of  the  undecompounded 
combustibles,  the  only  ones,  which  appear  capable  of  de- 
composing it,  are  potassium  and  sodium. 

IX.  Boracic  acid  combines  with  many  of  the  salifiable 
bases,  forming  salts  called  borates. 

X.  The  exact  composition  of  boracic  acid  has  not  been 
well  made  out.  The  analyses  of  Gay-Lussac  and  Davy  are 
so  discordant,  as  to  forbid  any  confidence  being  placed  in 
either. 

f^l^  XI.  Boracic  acid  was  considered  by  its  discoverer,  Hom- 

eriy'iued '  l^^^gf  to  be  a  very  efficacious  remedy  in  continued  fevers; 
^  medi-     and,  for  a  long  time,  it  enjoyed  considerable  reputation,  in 
France,  for  the  cure  of  this  class  of  diseases.    At  the 
present  day,  although  an  article  of  some  power,  it  is  very 
seldom  employed. 


owe. 


Photpho-  Phosphorus  forms  three  acids  by  combining  with  oxygen; 
three  aeidi  namely,  phosphoric  acid,  phosphorous  acid,  and  bypo- 
with  ox  J.  phosphorous  acid.  These  acids  will  be  described  in  the 
**^*  three  following  sections. 


SECTION  VI. 

OF  PHOSPHORIC  ACID. 

obtained  bv  the 


PhotDhorie      I.  PHOSPHORIC  ACID  may  be 

oM^nedT    pi'ocess:  Mix  the  liquid,  obtained  by  the  slow  combustion 
of  phosphorus,  with  nitric  acid,  allow  the  mixture  to  stand 
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for  a  kw  days,  and  then  evaporate  it  to  dryneai*  Hie  dry  CaA>.lL 
man  is  pboaphoric  acid  in  the  state  of  hydrate*  " 

IL  When  phosphorus  is  subjected  to  alow  combustion,  m 
Gqoid  is  formed,  which  is  a  mixture  of  phos|diorou8  and 
phoaphoric  acids.  When  this  liquid  is  mised  with  nitrie 
acid,  the  phosphorous  acid  is  further  oudized  at  the  ez- 
peose  of  the  nitric  acid;  so  that  the  whole  becomes  phos* 
phone  acid*  The  mixture  is  then  exposed  to  a  drying  heat, 
in  order  to  drive  off  any  adhering  nitric  acid. 

III.  The  most  abundant  source  in  nature  of  phosphoric 'tiiM. 
acid  is  the  bones  of  animals.  b^M 

IV.  Phosphoric  acid  is  a  solid  substance,  sometimes  its  proper- 
transparent,  when  it  has  considerable  resemblance  to  glass.  ^^ 
Usuall}-,  however,  it  is  not  perfecdy  clear,  but  possesses  a 
degree  of  milkiness.   It  possesses  a  very  sour  taste,  but  no 
smelL   It  changes  vegetable  blues  to  a  red  colour.  It  does 

not  possess  airrosive  properties.  When  exposed  to  the  air^ 
it  absorbs  moisture,  and  deliquesces  into  a  thick,  oil-like 
liquid. 

V.  Phosphoric  acid  is  a  litde  more  than  two  and  two-  ^^^JF^/ 
diird  times  as  heavy  as  water.  When  exposed  to  a  red     ^ 
heat,  it  melts  into  a  transparent  liquid,  which,  upon  cooling, 
assumes  the  appearance  of  glassl    In  this  state,  it  is  known 

by  the  name  of  phosphoric  glass:  it  is  phosphoric  acid, 
nearly,  if  not  entirely,  deprived  of  water.  Phosphoric  glass 
is  about  three  times  as  heavy  as  water. 

VI.  Phosphoric  acid  dissolves,  very  readily,  in  water.  Soluble  in 
When  in  the  form  of  a  dry  acid,  the  solution  takes  place  ^'^^i'* 
with  a  hissing  noise,  resembling  that  produced  by  red  hot 

iron,  when  plunged  into  water.  In  the  form  of  glass,  it  is 
much  less  soluble.  These  solutions  are  attended  by  the 
evolution  of  some  heat.  The  deliquesced  acid  is  a  solution 
of  phosphoric  acid.  It  is  in  this  state  that  it  is  generally 
employed  by  chemists.  Its  specific  gravity  is  1'417. 

VII.  Of  the  undecompounded  combustibles,  carbon,  po-  ActioDOi 
ta&sium,  sodium,  iron,  zinc  and  tin,  are  capable  of  decom-  yjjj^**"*^" 
posine  phosphoric  acid;  these  bodies  being  oxidized,  and 
phosphorus  developed.  The  liquid  acid  oxidizes  antimony, 

iron,  manganese,  zinc,  lead,  tin  and  bismuth;  but  some  of 
these  metals,  very  slowly.  The  oxidize ment  of  the  latter 
metals,  takes  place  in  ronsv  quence  of  the  decomposition  of 
Water;  as  is  evinced  by  the  tvolution  of  hydrog^en.  It  has 
BO  action  upon  arsenic,  nickel,  cobalt,  copper,  silver,  me]> 
cury,  gold,  or  platiiium. 

VIII.  Phosphoric  acid  combines  with  most  of  the  salifi- 
able bases,  forming  stlts  called  phosphates.  These  salts  will 
kc  desciibed  under  the  heads  of  their  respective  bases. 

2E 
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ACEDS. 


BttoK  L        UL  Fhospkoric  acid  is  compoied  of 
P*^**^'  Phoaphorui        12— one  atom* 

Compou-  Oxygen  16— two  atoms* 

tion.  — 

Giving  28  for  the  number  represent- 
ing the  weight  of  its  atom.* 
Ditoorery       X*  Phosphoric  acid   had  been  for  a  long  time  known, 
oi  corapoti-  before  its  composiiion  was  asceitaintrd.  Stahl  considered  it 
*'^'  to  be  the  same  with  hydrochloric  (muriatic)  acid;  which 

acid,  in  combination  with  phlogiston,  or  the  inflammable 
principle,  he  supposed  to  form  phosphorus.  Margraff  ascer- 
tained that  it  was  difl'crcnt  from  all  other  acids;  but  still  it 
was  considered  to  be  a  const itu'jnt  in  phosphorus. 

The  composition  of  phosphoric  acid  was  supposed  to  be 
ptrfcctly  well  understood,  when  Lavoisier  published  his  ex* 
penments  on  the  acids;  whereby  he  overturned  the  prevail* 
ing  phlogistic  doctrines,  and  demonstrated  the  true  com- 
position of  this  acid. 


SECTION  VII. 

OF  PHOSPHOROUS  ACID. 

Phntpho-        '*  Phosphorous  acid  may  be  obtained  by  the  following 
rouii  .'teiiU    process:  Sur)iime  phosphorus  dirough  pulverized  perchloride 
howobtMs-^f  mercury  (corrosive  sublimate)  contained  in  a  glass  tube: 
a  chloride  of  phosphorus  will  be  formed,  and  the  mercuiy 
revived.  Upon  mixing  this  chloride  with  water,  it  will  be 
converted  into  hydrochloric  (muriatic)  acid  and  phospho- 
rous acid,  by  combining  with  the  constituents  of  this  liquid- 
Evaporate  the  mixed  acids,  until  the  whole  become  of  the 
consistence  of  syrup:  the  evaporation  will  drive  off  the  hy- 
drochloric acid;  whereby  the  phosphorous  acid  will  be  ob- 
tained pure. 
Liquid  ob-       ^'*  '^^^  acid,  obtained  by  the  slow  combustion  of  phos- 
uinod  by    phorus,  was  formerly  called  phosphorous  acid.  But  this  acid 
cornbus^on  **  "^^  ascertained  to  be  a  compound  of  phosphoric  acid, 
oTphoipho-and  the  acid,  described,  in  the  present  section,  as  the  phos* 
cS'ioki"***"  P'^o'^u*  2icid.  Dulong,  considering  it  to  be  composed  of  the 
two  acids,  just  mentioned,  united  in  a  fixed  proportion,  has 
applied  to  it  the  name  of  phosphatic  acid. 

III.  Phosphorous  acid  was  first  obtained,  in  a  pure  state, 
by  Sir  H.  Davy. 

*  This  eompoiition  it  given  on  the  authority  of  some  late  renltt,  obtained  bj 
Sir  H.  Davy.  See  Annuli  of  PhilnK>phy«  p.  210.  (Marah,  1819);  or  Sir  H.  DaV* 
paper,  FbiL  Trani.  1818.  part  IL 


HYPOraOSPBOBOUS  ACIB.  g|9 

Phosphorous  acid  it  a  solid  substance,  possMsiag  a  9*^*."; 

mr  taste.  It  reddens  vegetable  blues,  and  has  all  th«  PropertiM 

srsof  a  strong  acid.  When  heated  strongly  in  theo^pb^to 

r,  it  catches  fire  and  emits  abundance  of  hydroguret'^* 

iphorus  (phosphuretted  hydrogen);  the  residue  bsikig 

oric  acid. 

Phosphorous  acid  combines  with  some  of.  the  salifiable    . 

Forming  salts  called  phosphites. 

Phosphorous  acid  is  composed  of  Itt  eompo' 

Phosphorus        12— one  atoiA«  ****** 

Oxygen  8— -one  atom. 

Giving  20  for  the  number  represent* 
weight  of  its  atom.* 


SECTION  VIII. 

OF  HYPOPH08PHOROU8  ACID. 

POPHOspiioRous  AGtf>  may  be  obtained  by  the  follow-  Hypophfit- 
:e8s:  Allow  phosphuret  of  barytes  to  remain  in  water,  P**2"h' 
as  it  gives  out  any  gas.  The  water  will  be  decom-  obtaln^^ 
its  hydrogen,  by  combining  with  part  of  the  phos- 
gives  rise  to  the  formation  of  hydroguret  of  phos- 
the  gas,  which  is  extricated;  while  its  oxygen  com-      k 
,  two  proportions  with  the  remaining  phosphorus,  so 
rm  the  acid  under  description  and  phosphoric  acid, 
ese  acids,  as  soon  as  formed,  combine  with  the  ba- 
Fow  phosphate  of  barytes  is  insoluble,  while  the  hy« 
hite  dissolves  in  water:  accordingly,  upon  filtering 
id,  the  phosphate  of  barytes  will  be  removed,  and 
will  be  left,  but  a  solution  of  hypophosphite  of  ba- 
Ldd  cautiously  to  this  solution,  sulphuric  acid,  as 
any  precipitate  should  appear:  this  acid  will  form 
uble  compound  with  the  bar^'tes,  and  thereby  libe- 
hypophosphorous  acid  from  combination.  Separate 
luble  sulphate  of  barytes,  and  what  remains  will  be 
m  of  hypophosphorous  acid, 
[ypophosphorous  acid  was  discovered  in  1816  by 

« 

lypophosphorous  acid,  in  the  state  of  solution,,  has  l^"  proper- 
our  taste,  and  possesses  the  property  of  reddening 


HDpontkm  acoordfl  with  a  late  retnlt  obtvned  hj  SH|]H.  thwy^  S«e  a 
lb  ebemist's  paper  (pablithi^  ia  the  PhikMophioat  ThuiiMtiOM  Ibr 
bomson'a  AnnalSy  p.  SKI.  (March  1819}. 


ACOML 

Bo0kL  TegetftUe  bluet.  It  absorbs  oxvgen  from  Ac  atmosphere* 
MiriwooIL  When  exposed  to  heat,  it  is  totaUy  decomDosed;  hydrogo- 
ret  of  phosphorus  (pbosphuretted  hydrogen)  being  evolved, 
and  phosphoric  acid  renuuning  behind.  It  may  be  concea- 
trated  by  evaporation,  so  as  to  assume  the  form  of  m  viMdi 
liquid;  but  it  cannot  be  made  to  crystallize. 
CompcMt        IV.  According  to  Sir  H.  Davy,  hypophosphoroos  acii 

^  is  composed  of 

Phosphorus        24     two  atoms- 
Oxygen  8— one  atom* 

Giving  32  for  the  number  represent- 
ing the  weight  of  its  atom** 


Anenie  Arsenic  forms  two  acids  by  combining  with  oxygen;  name- 
fenn*  t}^  ly  arsenic  acid  and  arsenious  acid.  These  acids  will  be 
J^!J[|  described  in  the  following  sections. 

SECTION  IX. 

OF  AR8BKIC  ACID. 

Anenio  I*  AxssNic  ACID  ma^  be  formed  by  the  following  process: 

aiid;  how    dissolve  three  parts  of  arsenious  acid  (white  oxide  of  sr- 
^^^^*^    senic)  in  seven  parts  of  hydrochloric  (muriatic)  acid;  and  mix 
the  solution  with  five  parts  of  nitric  acid:  the  arsenious  acid 
becomes  converted  into  arsenic  acid,  at  the  expense  of  the 
oxygen  of  the  nitric  acid.  Evaporate  the  whole  to  dryness 
and  then  expose  it  to  a  red  heat:  the  nitric  and  hydrochloric 
acids  will  be  driven  off,  and  the  arsenic  acid  obtained  pure, 
lu  proper-      II.  Arsenic  acid,  when  thus  prepared,  is  a  white  sub- 
^^'  stance;  possessing  scarcely  any  taste  when  dry.  It  attracts 

moisture  from  the  atmosphere.  It  is  not  volatUe;  but  when 
exposed  to  a  sufficient  heat,  it  melts  into  a  transparent  liquid, 
which  has  the  appearance  of  glass,  when  cold.  If  the  neat 
be  very  strong,  it  gives  out  some  oxygen,  and  is  converted 
into  arsenious  acid,  which  exhales  the  gaiiic  odour. 
8pe«.  grtT.  Ill*  Arsenic  acid  is  about  three  and  one-third  times  as 
^^*  heavy  as  water.  It  dissolves  slowly  in  six  parts  of  cold 
water;  but  instantly  in  two  parts  of  boiling  water.  In  a  state 
of  solution,  its  taste  is  acnd,  caustic  and  metallic.  It  may 


*  For  Uiit  «ompodtioQ,  lee  AniialB  of  PhiloMphy,  p.  310  (Mareb  ISlS,)  or 

?'^  ^T'^'^JP'?^'  ^  ^*  eompouodi  of  phntphonif  wHh  oetm^  pobUtteLia 
the  PhiloiMaikil TrmoMedoiM.  nut  IL  asii.{  r— — — 


the  PhDoiophkii  TrAntteaoM,  put  IL  (ISIS.) 


W  evaporated  to  the  consistence  of  a  symp.  In  this  form,  Csaf.  iT; 
it  contains  half  its  weight  of  water. 

IV*  Arsenic  acid  oxidizes  arsenic,  antimonjr,  iron,  nickel,  iti  aetkm 
cobalt,  manganese,  zinc,  lead,  tin,  copper  and  bismuth;  and  ^  mettli. 
in  a  strong  heat,  mercury  and  silver.  It  does  not  act  upon 
gold  or  platinum. 

y.   Arsenic  acid  combines  with  many  of  the  salifiable 
bases,  and  forms  salts  called  arseniates*  These  salts  will  be 
'  described  hereafter. 

VI.  Arsenic  acid  is  composed  of  Compoii- 

Arsenic         46—  ***"• 

Oxygen        24— three  atoms. 

70 
VIL  Arsenic  acid  is  one  of  the  most  virulent  poisons  !■  a  ▼imient 
bown.  It  is  equally  deleterious  with  arsenious  acid.  It  is  P^"**^ 
lot  used  in  medicine. 


SECTION  X. 

OF  ABSEinOUa  ACID. 

OxUr  ff  .^rteiiie  of  the  Edinborsh  CoUeM.   Gonnuai  Bamet, 

ffhit9  ArmSc, 

L  AasEMious  ACID  may  be  formed  by  exposing  metallic  AneiiioiiB 
arsenic  to  heat,  in  the  open  air.  The  metal  sublimes  in  the  *f |'':  ^ 
form  of  this  acid. 

II.  Arsenious  acid  is  obtained,  for  the  purposes  of  com-  How  db- 
mcrce  and  the  arts,  during  die  extraction  of  cobalt  from  its  {^^^^^^ 
ores.  These  ores  contain  arsenic.   During  their  roasting,  waj. 
srscnioos  acid,  in  an  impure  state,  sublimes.  The  impure 

scid  is  afterwards  purified  by  a  subsequent  sublimation, 
mixed  with  potash. 

III.  Arsenious  acid  is  a  white,  britde,  compact  solid,  of  Tti  prop«r« 
a  vitreous  appearance.  Its  taste  b  sharp  and  acrid,  accompa-  ^^*    « 
nied  by  an  impression  of  sweetness.  It  changes  vegetable 

blues  to  red.  When  heated,  it  emits  fumes,  which  have  a 
smell,  resembling  that  of  garlic.  It'  a  plate  of  copper  be  ex- 
posed to  these  fumes,  it  becomes  white. 

IV.  Arsenious  acid  is  about  three  and  three- fourths  as  Spee.  mr. 
heavy  as  water.  When  heated  to  the  temperature  of  283<*  ^"^^ 
in  the  open  air,  it  may  be  entirely  sublimed.  Hence,  a  very 
obvious  means  is  afforded  for  the  detection  of  adulterating 
substances,  such  as  carbonate  of  lime  (chalk)  or  sulphate  of 
lime  (gypsum).  When  subjected  to  heat,  in  close  vessels,  it 
melts  into  a  pellucid  glass,  which  soon  becomes  opaque  by 
exposure  to  die  air. 


322  ACIDS. 

BookL       V«  Arsenious  acid  is  soluble  in  80  parts  of  cold.water; 

Difiiionlf.  bm  \i  dissolves  in  15  pans  of  boiling  wati-r.  In  the  state  of 

Diuoivet    solution,  the  acid  has  an  acrid  taste,  and  changes  vegetable 

IB  wstcr.    Uu^g  (Q  2  Ytd  colour.  When  slowly  evaporated,  the  acid 

falls  in  the  form  of  crystals. 

VL  Arsenious  acid  combines  with  some  of  the  salifiable 
bases,  forming  salts  called  arsenites*  Some  of  these  salts 
will  be  described  hereafter, 
lueompo-       VII.  Arsenious  acid  is  composed  of 
"^'**  Arsenic  47— ^ne  atom. 

Oxygen  ie_two  atoms. 

Giving  63  for  the  number  represent- 
ing the   weight  of  its   atom.  The    weight  of  an  atom  of 
arsenic,  however,  as  deduced  from  this  acid,  is  somewhat 
higher  than  when  calculated  from  the  arsenic  acid.   The 
proportions,  in  which  arsenic  combines  with  other  bodies, 
do  not  accord  well  with  the  atomic  theory. 
Aneniooi        VIII.  Arsenious  acid  is  one  of  the  most  virulent  poisons 
JJJjJ'JJ^*^  known.    When  taken  into  the  stomach,   or  applied  to  a 
wounded  part,  it  gives  rise  to  a  train  of  the  most  terrible 
symptoms,  to  which  t'le  human  system  is  liable. 
Its  anti-  IX.  A  number  of  experiments  have  been  made  to  ascertain 

the  best  antidote  for  the  arsenious  acid.   It  has  been  found, 
that,  of  all  the  substances  tried,  liquid  hydrosulphuric  acid 
(sulphuretted  hydrogen)  promises  to  be  the  most  effectuaL 
Hydrosulphuric  acid  combines  readily  with  arsenious  acid, 
and  forms  a  compound,  which  may  be  taken,  in  tolerably 
large  doses,  with  impunity. 
Treatment       When  a  case  of  poisoning  by  the  arsenious  acid  is  to  be 
J^^'JJJJ* ''treated;  the  first  step  is  to  encourage  vomiting,  by  giving 
Ij  arteiiK.  large  draughts  of  warm  water,  and  by  irritating  the  fauces 
with  a  feather.    No  emetic  substances  are  to  be  used  to 
produce  this  effect;  as  they  add  to  the  irritation.   After  the 
vomiting  has  ceased,  it  is  next  proper  to  wash  out  the  sto- 
mach repeatedly  with  water,  injtxted  into  that  organ,  through 
a  gum  elastic  catheter,  and  returned  again  through  the  same 
instrument.   After  these  measures  have  been  carried  fully 
into  execution,  liquid  hydrosulphuric  acid  is  to  be  adminis- 
tered in  as  large  quantities  as  can  be  taken.* 
UBcsofar-      X.  Arsenic   is   sometimes  exhibited  in  the  form  of  a 
■*■*?"•       solution  of  arsenious  acid.    Four  grains  of  the  acid  are 
.dicine.    ^'  dissolved  in  a  pint  of  water.  The  dose  is  a  tablespoonfiil, 
gradually  increasing.  In  this  form,  it  has  been  exhibited  in 


*  Flor  B  fuH  leooant  of  the  ananieal  poiioniy  see  Naaerede'i  AbrMgmmt  of 
OrfiU  oa  PoiaoBii  the  work  froia  which  the  tboic  £Mti  hsTe  be«a  takeo. 


CHRQIOC  ACID.  22S 

ODCcri  It  hai  also  been  u^ed,  both  in  p&wder  and  in  boIu-  Chmm.  ih 
tio&,jft  an  ezCcrnal.  application  tO  cancerous  S'trts.   llie  "         " 
tneaious  ^cid,  in  subt^unce,  is  given  in  the  form  of  piUa^ 
J    k  doica  oi  about  one-eighth  of  a  grain. 


I 


■# 


Chromium  formi  but  one  arid  with  oxygen;  namely,  chro- rhromium 
mic  acid.  This  acid  will  be  described  in  the  following ^''V^'."^^ 
section*  oiygen. 

SECTION  XI. 

OF  CHROMIC  ACID. 

L  Chromic  acid  may  be  obtained  by  the  followinir ChromU 
pocess:  Roast  a  mixture  of  one  part  or  nitrate  of  potash  obuOned. 
(oitrc)  and  two  parts  of  the  mineral  called  chromate  of 
iroo,  in  a  hessian  crucible.  Treat  the  mass  with  water, 
ODtil  evtry  thing  soluble  be  taken  up.  By  this  management, 
part  of  the  mineral  becomes  decompost-d;  the  chromic  acid 
of  the  decomposed  portion  combines  with  the  potash  of  the 
nitrate  of  potash;  and,  in  this  state  of  combination  being 
soluble,  when  the  mass  is  treated  with  water,  it  is  dissolved 
off,  while  the  undissolved  residue  consists  of  oxide  of  iron 
and  undecomposeJ  chromate.    Dissolve  off  the   oxide  of 
iron  by  means  of  hydrochloric  acid,  and  repeat  the  treat- 
ment already  detailed,  upon  what  remains.    By  these  mea- 
sures the  mineral  will  at  last  be  totally  decomposed.  When 
this  is  effected,  mix  all  the  solutions  of  chromate  of  potash 
together;  and  saturate  the  liquid  formed,  with  acetic  acid, 
and  then  evaporate  it,  until  it  let  fall  crystals  of  chromate 
of  potash.  Dissolve  these  crystals  in  water,  and  add  to  the 
solution  formed,  chloride  of  barium  (muriate  of  barytea): 
the  chromic  acid  immediatelv  falls  in  combination  with  ba- 
r\-tes.  Wash  the  chromate  of  bar^'tes,  thus  obtained;  and^ 
having   dissolved   it   in   nitric   acid,  add   sulphuric   acid 
cautiously  to  the  solution:  the  sulphuric  acid  falls  in  com- 
bination with  the  harytes,  while  the  chromic  acid  remains 
in  solution  along  with  the  nitric  acid.  Remove  the  insoluble 
sulphate  of  barytes  by  the  filter,  and  evaporate  the  remain- 
ing liquid  to  dryness,  at  a  low  red  heat:  this  exposure  to 
heat  will  drive  off  the  greater  part  of  the  nitric  acid.   By 
solutions  and  evaporations,   repeated   several   times, ,  the 
whole  of  the  nitric  acid  may  be  removed*  What  remains 
will  then  be  pure  chromic  acid. 

II.  Chromic  acid  was  discovered,  in  1797,  by  Vauquelin,  DiscoTcrr. 
m  chromate  of  lead  (red  lead  ore  of  Siberia). 


Book  I.  IIL  Chrmnic  add  is  u  solid  suhitMieei  of  m  doep  iti 
^""^  "•  colour.  Its  taste  is  acrid,  sharp,  and  stroog^v  metaUic.  It 
^MMnspcr-  slowly  absorbs  moisture,  when  exposed  to  ttie  air.  When 
subjected  to  heat,  it  g^ires  out  oxygen  gas,  and  ia  coovened 
into  protoude  (green  oxidt:)  of  chromiam.  It  is  sdlnbk  is 
water,  and  may  be  obtained,  horn  the  solution,  in  crystsb 
of  a  ruby-red  colour. 

IV.  Chromic  acid  combines  with  several  of  the  salifiable 
bases,  and  forms  salts  called  chromates. 
^o>Bp»        y.  Chromic  acid  is  composed  of 

Chromium  38— one  atom. 

Oxygen  ti    three  atoms. 

Giving  3S  for  the  number  represent- 
ing  the  weight  of  its  atom. 


Moijbde-   Molybdenum  forms  two  acids  by  combining  with  oxygeo; 
two'ad?'      namely,  molybdic  acid  and  molybdous  acid.  T^sc  i^ds 

wHh  mj-       will  be  noticed  in  the  two  following  sections. 
Km- 

SECTION  XII. 

OF  MOLTBDIC  ACID. 

Molybdie  *     I.  MoLTBDic  ACID  may  be  obtained  bv  the  ibilowinir 

•buin!?  process:  Distil  nitric  acid  off  the  mineral  called  molybdrna 
(sulphuret  of  molybdenum)  reduced  to  the  state  of  powden 
we  nitric  acid,  by  yielding  up  its  oxygen,  will  acidify  the 
molybdenum,  and,  in  part,  the  sulphur;  so  that  after  the 
distillation  is  completed,  the  mass  obtained  will  conaist  of 
molybdic  acid,  mixed  with  sulphuric  acid  and  some  ad- 
hering nitric  acid.  By  washing  the  mass  carefully  with 
water,  the  sulphuric  and  nitric  acids  will  be  removed;  so 
that  nothing  will  remain  but  pure  molybdic  acid. 

II.  Molybdic  acid  was  discovered,  in  1778,  by  Scheele. 

lu  proper-      III*  Molybdic  acid  is  in  the  form  of  a  white  powder. 

^*^  When  subjected  to  heat,  in  close  vessels^  it  melts,  and  as- 

sumes the  form  of  crystals  upon  cooling;  but  in  open  ves- 
sels, it  sublimes  in  the  form  of  brilliant  yellow  scales. 

IV.  Molybdic  acid  is  solul)le  in  960  parts  of  boiling 
water.  The  solution  has  a  yellow  colour,  but  no  taste,  ft  is 
capable  of  redd<.'ning  veG;etable  blues.  The  acid  is  precipi- 
tated, from  the  solution,  by  sulphuric,  nitric,  or  hydrochloric 
acid. 


TUN68T1C  ACID.  .QQg 

y.  Molybdic  acid  combines  with  loine  of  die  salifiabk  Cbak  il 
iMirsi  finraiiiig  salts  called  molybdatea*  — ^-^.-^ 

?!•  Molybdic  acid  is  composed  of  daapori- 

Molybdenum        48— one  atom*  ^^^ 

Oxygen  34— -three  atoms. 

Giving  73  for  the  number  represent- 
ing the  weight  of  its  atom. 


SECTION  XIII. 

OF  MOLTBDOnS  ACia 

_  • 

I*  MoLTBDOUs  ACID  may  be  obtained  by  the  following  Mdybdoas 
process:  Triturate,  in  a  porcelain  mortar,  a  mixture  of  one'^'^^^ 
jNUt  of  molybdenum,  with  two  parts  of  molybdic  acid,       ^^' 
made  into  a  pap  with  a  little  hot  water,  until  the  whole 
assume  a  blue  colour.   Then  add  eight  or  ten  parts  of 
water,  and  boil  for  a  few  minutes.  Filter  the  liquid  ob- 
tained, and  evaporate  it  to  dryness,  at  a  heat  not  exceeding 
ISOl*.  The  dry  mass  will  be  molybdous  acid* 

IL  Molybdous  acid  is  in  the  form  of  a  blue  powder,  lupropei*- 
soluUe  in  water.  It  has  the  property  of  converting  vegeta-  ^^ 
Ue  blues  to  red.  It  combines  with  salifiable  bases,  forming 
salts  called  roolybdites. 

IIL  Molybdous  acid  is  composed  of  Compoia- 

Molybdenum        48— one  atom.  ****"• 

Oxygen  16— -two  atoms. 

Giving  64  for  the  number  represent- 
ing the  weight  of  its  atom. 


Tungsten  forms  but  one  acid  by  combining  with  oxygen;  Tungsten 
namely,  tungstic  acid.  This  acid  will  be  described  in  the  add^tlth* 
following  section.  ozygeM. 

SECTION  XIV. 

OF  TUNGSTIC  ACID. 


I.  TuvGSTic  ACID  may  be  obtained  by  the  following TunntiA 
process:  Boil  three  parts  of  hydrochloric  (muriatic)  acid*^"°J 
upon  one  part  of  the  mineral,  called  wolfram  (tungstate  of 
iron)  for  several  hours;  and  allow  it  to  stand  until  it  ds- 
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BMKt    poBite  ft  powder*  Septrate  the  powdor  bsr  d»  £Mr,  tnd 

^!SElS:  dissolve  it  in  ammonia*  Evaporate  the  ammoDtacal  aoluttoo 

=   to  dryness,  and  expose  the  dry  msas  to  a  red. heat*  Tbe 

dry  mass  is  now  pure  tiuifptic  acid*  It  waa  diacovered,  in 

1781,  bv  Scheele* 

XL  Tungstic  acid  is  an  insoluble  yellow  powder,  incapa- 
ble of  acting  on  vegetable  blues.  It,  however,  possesses  the 
essential  property  of  an  acid,  of  forming  salts  with  the  at- 
lifiable  bases. 

ill.  Tungstic  acid  is  composed  of 

Tungsten         96— one  atom. 
Oxygen  24-«three  atoms* 

Giving  120  for  the  number  representing 
the  weight  of  its  atom. 
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Columbium  forms  but  one  acid  by  combining  with  ongen; 
namely,  columbic  acid.  This  acid  will  be  noticed  m  the 
following  section. 

SECTION  XV. 

6f  columbic  acid. 

I.  Columbic  acid  may  be  formed  by  detooatiag  a 
mixture  of  pulverized  columbium  and  nitrate  of.  potttth 
(nitre),  in  a  red-hot  crucible.  The  nitric  acid  of  the  nitrate 
acidifies  the  columbium,  and  then  is  dissipated;  so  that  the 
resulting  mass  is  a  mixture  of  columbic  acid  and  potash. 
Dissolve  the  mass  in  water,  and  add,  to  the  solution,  hy- 
drochloric (muriatic)  acid:  this  acid  combines  with  the 
potash  and  remains  in  solution,  while  the  columbic  acid 
falls  in  the  state  of  hydrate. 

II.  Columbic  acid  was  discovered,  and  its  acid  nature 
ascertained,  by  Hatchett,  in  1801. 

III.  Columbic  acid  is  in  the  form  of  a  white  powder, 
insoluble  in  water,  nitric  or  sulphuric  acid.  It  combines 
with  some  of  the  salifiable  bases,  and  forms  salts  called 
columbates. 

IV.  Columbic  acid  is  composed  of 

Columbium         146— one  atom. 
Oxygen  8 — one  atom- 

Giving  154  for  the  number  repre* 
senting  the  weight  of  its  atom. 


ANTIMOMIOUS  ACID.  «qr 

C^icP.V. 


Ao^mony  forms  two  acida  by  combining  with  oxygen;  Anthmmrf 
namely,  antimonic  acid,  and  antiroonious  acid.  'I'hese  ^^*^j][^ 
acida  will  be  described  in  the  two  following  aectiona.        oxygen. 


SECTION  XVI. 

OF  ANTIMONIC  ACID. 

L  Antimonic  acid  may  be  obtained  by  the  following  Antimoiiit 
process:    Expose  a  mixture  of  one  part  of  antimony  in  *v!!!l  ^ 

Cwder,  and  six  parts  ot  nitrate  of  potash  (nitre)  tor  an 
iir,  in  a  silver  crucible,  to  as  strong  a  heat  aa  the  vessel 
will  bear:  the  mass  formed  will  be  found  to  be  a  mixture 
of  antimonic  acid,  potash,  and  undecomposed  nitrate  of 
potash.  Wash  off  the  two  latter  with  water;  and  digest  the 
insoluble  residue  in  hydrochloric  (muriatic)  acid,  in  order 
to  be  certain  that  all  the  potash  is  removed.  After  this 
treatment,  dry  it,  and  expose  it  to  a  sufficient  heat  to  drive 
off  all  the  water,  which  it  may  contain.  What  remaina  ia 
pure  antimonic  acid. 

II.  Antimonic  acid  ia  a  atraw-coloured  powder.  It  ia  in-  io  ^Mptr- 
aoluble  in  water,  and  does  not  redden  vegetable  bluea,  unkaa  ^'**' 

it  be  in  the  state  of  hydrate.  When  heated  to  redneaa,  part 
of  ita  oxygen  is  disengaged,  and  it  is  converted  into 
antimonious  acid.  Its  combinations  with  salifiable  bases  are 
called  antimoniates.  As  yet  no  analysis  of  this  acid  has  been 
made  that  can  be  depended  upon. 

III.  The  medicinal  preparation,  formerly  called  diapho- Nature  of 
rctic  antimony,  the  calcined  antimony  of  the  London  col-  ^'"J^^*^® 
lege,  consists  of  antimonic  acid,  combined  with  one-fifth  of 

its  weight  of  potash.  It  is  formed  pretty  much  in  the 
manner  just  given  for  the  acid  itself;  with  these  slight  dif- 
ferences that  the  sulphuret  of  antimony,  instead  of  the  pure 
metal^  is  employed,  and  the  product  is  not  washed  with 
hydrochloric  acid,  to  separate  adhering  potash. 


SECTION  XVII. 

OF  ANTIMONIOUS  KCIU. 
(Fonneriy  MlUd  Argentine  Fltwert  ofAnHmwg.) 

I.  Antimonious  acid  may  be  obtained  by  dissolving  \nt'imoni- 
Alimony  in  nitric  acid,  evaporating  the  solution  to  dryness,  '^o'^^^iiin. 
^d  exposing  the  dry  mass'  to  a  red  heat.  It  may  be  formed  ed. 
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Book  I.    also  bjr  subjecting  protoxide  of  aDtimonjr  to  a  red  heat,  or 
DjyjtioDlL  metallic  antimony  to  a  violent  heat.  In  either  case,  combus- 
tion takes  place,  and  antimonious  acid  subUmes  in  the 
form  of  crystals*  When  procured  by  sublimation,  the  acid 
was  formerly,  called  argentine  flowers  of  antimony. 
Itipioper*      II.  Antimonious  acid  is  a  powder,  possessing  a  fine 
^^^  white  colour  and  considerable  lustre.    It  is  insoluble  in 

water,  and  dissolves  with  difficulty  in  acids.   It  requires  a 

1)retty  high  temperature  to  produce  its  fusion;  but  it  is  vo- 
atilized  at  a  point  comparatively  low.  Its  combinations 
with  salifiable  bases  are  called  antimonites.  It  haa  not  beea 
analyzed  with  precision. 


CLASS  III. 

JCIDS,  WHOSE  BASES  FORM  ACID  COMPOVJ^DSBT 
COMBIJrUfQ  Wrm  BTDROQEJt  OJtLT, 

Two  mmIi  Two  acids  only  are  known,  belonging  to  thu  class: 
only  bekMtt  namely,  hydrofluoric  acid,  and  hydrocyanic  acid.  The 
tflrthotbiid  fQfQ|Q|.  iii^  im  undecompounded  base  (fluorine),  the  latter 

aeidi.         a  compound  base  (cyanogen).  These  acids  will  be  describ- 
ed in  the  two  following  sections. 

SECTION  I. 

OP  HYDROFLUORIC  ACID. 
Usual  ehemieal  naine»  Fhume  Add, 

Uydroflo*.  I.  HYDROFLUORIC  ACID  may  be  obtained  by  the  fellow- 
iM^dbtaui.  '°8  process:  Distil,  with  a  gende  heat,  from  a  leaden  retort 
ed.  into  a  leaden  receiver,  any  quantity  of  pure  white  fluor 

spar,  which  is  a  hydrofluate  (fluate)  of  lime,  with  twice  its 
weight  of  concentrated  sulphuric  acid.  The  receiver  must 
be  surrounded  with  a  mixture  of  snow  and  salt,  and  the 
joinings  of  the  apparatus,  luted  with  clay.  The  product  of 
the  distillation  will  be  hydrofluoric  acid. 
Proeew  ex*  H*  The  mineral  called  fluor  spar  is  a  compound  of  hy- 
X^^"^*  drofluoric  acid  and  lime.  When  it  is  mixed  with  sulphuric 
acid,  it  becomes  decomposed;  this  acid  combines  with  the 
lime,  and  the  hydrofluoric  acid  is  disengaged  in  the  form 
of  vapour,  which  afterwards  condenses  in  the  refrigerated 
receiver.  Glass  vessels  could  not  be  employed  in  the  appa- 
ratus; since  they  would  be  corroded  by  the  hydrofluoric 
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idd*  The  same  objection  does  not  apply  to  leaden  veiaels;  Chap,  il 
these  not  being  acted  upon  by  the  acid.  " 

III.  Hydrofluoric  acid  was  first  obtained  pure,  in  1808,  Thb  add 
hf  Gay-Luasac  and  Thenard;  by  whom  the  process,  above  ^jj"!^"^ 
described,  was  invented.  The  acid,  previously  considered  to  Gay4^t- 
he  the  acid  of  fluor  spar,  was  asceruined  by  them  to  con-  Ij*^  *^  . 
Im  silica  as  an  essential  mgredient. 

IV.  Hydrofluoric  acid,  at  the  temperature  of  33^,  is  a  iti  proper- 
coloorleaa  liquid.   At  the  temperature  of  60^,  it  still  con-  ^^ 
timies  a  liquid.   Its  smell  is  similar  to  that  of  hydrochloric 

add,  but  much  stronger.  When  exposed  to  the  open  air,  it 
fames  violendy,  and  is  entirely  dissipated.  It  can  only  be 
preserved  in  metallic  vessels;  glass  vessels  are  instantly 
corroded  by  it.  It  acts  with  great  energy  upon  animal  sub- 
ttances  of  all  kinds.  When  dropped  upon  the  skin,  it  acts  as 
a  powerful  escharotic.  The  fumes  of  the  acid,  when  inhaled, 
pove  exceedingly  deleterious.  It  combines  with  a  number 
of  salifiable  bases.  The  salts,  which  are  thus  formed,  will 
be  called  hydrofluates. 

V.  Hydrofluoric  acid,  when  perfectly  freed  from  water,  Spe^jm?. 
il  very  Uttle  heavier  than  this  liquid;  but,  when  diluted  to      ^'^' 

a  certain  extent,  it  suffers  a  condensation,  and  becomes 
one-fourth  heavier  than  water.  Its  freezing  point  is  not 
known.  When  exposed  to  a  cold  of  —  4^,  it  does  not  con- 
|eaL  Ita  boiling  point  is  not  exactly  ascertained;  it  is,  how- 
over,  known  to  be  very  low. 

VI.  Thenard  has  lately  succeeded  in  combining  this  acid  Itmtj  be 
with  oxygen.  The  method  of  effecting  it,  is  to  add  oxyhy-  o"**'*^^* 
drochloric  acid  to  hydrofluate  (fluate)  of  silver.  The  pro- 
ducts are  chloride  of  silver,  water,  and  oxyhydrofluoric 

acid. 

VII.  When  hydrofluoric  acid  is  dropped  into  water,  the  AetioQor 
action  is  so  violent,  as  to  produce  a  noise,  similar  to  that  ^'^n 
occasioned  by  plunging  red-hot  iron  into  the  same  liquid. 

On  the  other  hand,  when  water  is  dropped  into  the  acid, 
the  former  enters  immediately  into  ebullition.  The  acid, 
oven  though  very  largely  diluted,  still  retains  its  fuming 
property. 

VIII.  When  hydrofluoric  acid  is  brought  in  contact  with  m^  of 
potassium,  a  violent  action  takes  place;  a  white  solid  i^  P^>^"'*">ak 
ftmned,  and  a  quantit}'  of  hydrogen  gas,  evolved.  This  re- 
mit ia  explained  by  supposing  that  the  peculiar  radical  of 
hydrofluoric  acid,  which  it  is  proposed  to  call  fluorine,  is 
eombined  with  hydrogen  in  the  formation  of  the  acid  itself; 

dus  radical  is  considered  to  combine  with  the  potassium, 
wUle  the  hydrogen  is  evolved. 

IX.  When  sifica,  which  has  been  precipitated  firom  an  Thji  leid 


23©  Ataiis. 

Book  I.    alkaline  solution,  is  dried,  and  mixed,  in  a  state  of  powder, 
Difition  II.  ^{^  pure  hydrofluoric  acid,  a  gaseous  substance  is  instandf 


eomUaes    formed,  which  possesses  the  properties  of  an  acid.  Thii 

with  aiUra.  gaseous  acid  is  generally  considered  to  be  a  compound  of 

silica  and  hydrofluoric  acid.   It  will  be  described  hereaften 

Tu  |»rolM-       X.  It  has  already  been  mentioned,  that  chemists  have 

flition!™^  obtained  the  strongest  evidences,  that  hydrofluoric  acid  is  a 

compound  of  a  peculiar  radical  and  hydrogen.*  This  radicsl 

(fluorine)  has  not,  indeed,  been  obtained  in  a  separate  states 

hut  forming  peculiar  compounds  with  bodies  already  koowai 

Hence,  it  must  be  different  from  every  other  form  of  matter, 

with  which  chemists  are  acquainted. 


SECTION  II. 

OP  HYDRdCYANlC  ACID. 
UsQal  chbmical  name,  Pnusic  Add. 

Sehceie'tt  I.  ScHEELs's  process  for  obtaining  hydrocyanic  add  ii 
obt^nif''^  the  following:  Boil  a  mixture  of  ten  parts  of  Prussian  Uue 
hrdroeva-  in  powder,  five  parts  of  peroxide  of  mercury,  and  thirty 
lUo  Mid.  p22ts  of  water,  in  a  glass  vessel,  for  some  minutes.  FikBr 
the  liquid  obtained;  and  throw  upon  the  matter,  remainiag 
on  the  filter,  ten  parts  of  hot  water,  to  wash  it  completers 
Pour  the  filtered  liquid  upon  two  and  a  half  parts  of  deaa 
iron  filings,  add  at  the  same  time  one  part  of  concentrated 
sulphuric  acid,  and  mix  the  whole  by  agitation.  Distil  the 
mixture,  as  it  now  stands,  at  a  gentle  heat,  until  one-fourtk 
of  it  has  passed  over  into  the  receiver.  The  distilled  pn^ 
duct  will  be  hydrocyanic  acid.  |t  is,  however,  rendered 
impure,  generally,  by  admixture  of  a  small  portion  of  sol* 
phuric  acid.  By  a  re-distillation,  off  a  portion  of  carbonate 
of  lime,  the  sulphuric  acid  present  will  be  retained,  and  the 
acid  procured  in  a  state  of  purity. 


*  This  b  the  proi)er  plaee  to  inform  the  reader,  whj  the  name  of  the  Mid  d 
flaor  ipar  has  hc«n  altered  from  Jluoric  to  hydrofluoric.  Tlie  probaUe  eonpoM' 
tion  01  the  aeld  surgested  tlie  propriety  of  the  prefix  hydro.  But  this  eircamttaiioi 
alone  would  not  nave  been  deeme<]  suflieiunt  to  jiistifj  the  alteration.  Unhut 
principally  influenced  me,  were  the  siiKgcBtions  of  iinaiogy.  Roth  olilorine  waA 
iodine  form  adds  by  combining:  with  oxypM)  or  hydrogen  indifferently;  now  is  it 
not  |irobable  tiiat  the  radieal  of  the  fluor  spar  acid  may  form  an  aeid  by  uwUii 
■ng  with  oiygen?  If  such  an  aeid  ooroiKMmd  should  be  diHonvered,  it  eould  not  W 
called  fluoric  acid,  unless  the  name  of  the  acirl,  commonly  so  called,  wcit 
•hanged  to  hydrofluoric.  So  that  it  appears,  that  if  the  disoorery,  anticipated, 
should  really  be  made,  tlien  Uie  alteration,  here  proposed,  woold  beaonM  abH^ 
hitelv  necessaiy.  <>n  the  other  hand,  slioulrl  it  not  be  made,  the  new  Mae  will 
alill  be  useful,  by  nggesting  the  probable  eofflpoaitioii  oTthe  acid. 
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IL  The  explanation  of  Scheeltr's  process,  if  given  in  con*  Caap.  n. 

fbraity  with  the  light  of  recent  discoveries,  may  be  thus  Schceie't 

stated.  Prussian  blue  is  a  compound  of  peroxide  of  iron,  process  ei- 

and  a  peculiar  acid,  composed  of  the  elements  of  hydrocya*  P***"^* 

nic  acid  united  to  iron,  called  ferrocyanic  acid.   When  this 

nbatancc,  in  powder,  is  boiled  with  peroxide  of  mercury 

wA  water,  it  l>ecome8  decomposed;  and  its  acid  combines 

vith  the  peroxide,  in  such  a  manner,  as  to  form  cyanodide 

(oommonly  called  prussiatr)  of  mercury  and  peroxide  of 

IRMU  The  cyanodide  of  mercury  being  soluble,  when  the 

whole  is  placet^  upon  a  filter,  it  passes  through;  while  the 

peroxide  of  iron,  derived  from  the  decomposition  of  the 

Pnissian  blue,  as  well  as  that  formed  in  the  manner  just 

Bcnuoned,  is  retained.  When  the  solution  of  the  cyanodide, 

in  the  next  step  of  the  process,  is  poured  upon  clean  iron 

Uings,  and  sulphuric  acid  added,  the  whole  being  shaken: 

together;    water    becomes    immediately    decomposed,    its 

Mrogen  combines  with  the  cyanogen  of  the  cyanodide, 

fanning   hydrocyanic   acid,   the   mercury  beine  revived; 

while  its  oxygen  oxidizes  the  iron.  The  oxide  of  iron,  thus 

fanned,  ia  then  dissolved  by  the  sulphuric  acid;  so  that  the 

ftsolting  substances  are  mercury,  and  a  liquid  containing 

hydrocyanic  acid  and  sulphate?  of  iron  in  solution.    Now 

hydrocyanic  acid  is  volatile,  which  is  not  the  case  with 

snipliste  of  iron.    Accordingly,  when  the  liquid,  containing 

them,  ia  distilled;  the  acid  is  driven  over  into  the  receiver; 

while  the  sulphate  is  left  behind. 

Ill*  Gay-Lussac's  method  for  obtaining  hydrocyanic  Ga^ -Lus- 
scid  is  the  following;  Put  a  mixture  of  cyanodide  (prus-  ^'  P™' 
tiate)  of  mercur)^*  and  hydrochloric  (muriatic)  acid  in  a 
tabulated  retort.  Lute  to  its  beak,  a  glass  tube,  about  two 
feet  kmg,  and  iV^hs  of  an  inch  in  diameter.  Fill  the  first 
third  of  this  tube  with  pieces  of  marble,  and  the  remainder 
with  dry  chloride  of  calcium  (muriate  of  lime).  To  the  end 
of  the  tube,  adapt  a  small  receiver,  and  surround  it  with 
ice.  Apply  a  moderate  heat  to  the  retort.  A  gas  is  extricat- 
ed, which  condenses  on  the  marble,  but  may  easily  be 
driven  forward,  by  a  gentle  ht  at,  into  the  receiver,  where  it 
ultimately  condenses  into  a  liquid.  This  liquid  is  bydrocya- 
ttic  acid. 

IV.  In  the  process  just  given,  a  mutual  decomposition  Ga?-Los- 
tf  the  hydrochloric  acid  and  the  cyanodide  of  mercury  ••o  ■  pro- 
ves place; .  the  chlorine  of  the  acid  combines  with  the  ^^' 


*  CjModkle  of  ttertary  may  be  formed  by  bailing  a  mixtoro  of  peroxide  of 
Hid  rntrnr  blae  ia  water,  and  eraporatioK  uquid  until  it  form  eryttab. 
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Book  I.   merciuy  of  the  cjranodide,  ao  as  to  form  perchloride  of 
PivtrionlL  mercury;  while  the  hydrogen  of  the  former  combines  with  the 
cyanogen  of  the  latter,  and  flies  off  in  the  form  of  hydro- 
cyanic acid  vapour.  When  the  acid  vapour  arrives  at  the 
receiver,  it  condenses  into  a  liquid,  by  the  cold  produced 
by  the  ice.  The  marble  in  the  tube  is  intended  to  retam 
any  hydrochloric  acid,  which  may  be  driven  over  tikng 
with  the  hydrocyanic  acid*  The  dry  chloride  of  calcium  ii 
for  the  purpose  of  absorbing  any  water  which  may  exist  in 
the  acid  vapour. 

V.  Vauquelin  has  recently  published  a  very  interestisg 
memoir  on  cyanogen  and  hydrocyanic  acid.  This  chemiit 
repeated  the  process  of  Gay-Lussac,  just  given,  for  obtsia* 
ing  the  acid,  but  procured  but  small  quantities  at  a  tiact 
The  residuum  of  his  process  was  sometimes  perchloride  of 
mercury  (corrosive  sublimate),  the  same  as  in  Gay-Loi- 
sac's  process;  at  other  times,  it  was  a  compound  of  perchlo- 
ride of  mercury  and  hydrochlorate  of  ammonia,  forming 
the  substance,  called  by  the  eariier  chemists  sal  alembrodk 
Vauquelin  thinks  the  sal  alembroth  was  formed,  in  come- 

3uence  of  the  decomposition  of  the  C3ranogen  of  the  cywBO' 
ide,  which  resulted  in  the  formation  cif  ammonia;  he  haviif 
kft  the  cyanodide  and  hydrochloric  acid,  in  a  state  of  nil'' 
ture,  over  night. 
Vraqae-  VL  Vauquelin  prefers  the  following  process  for  ohtiii 
fi^pro-  Jug  hydrocyanic  acid:  Pass  hydrosulphuric  acid  gas  (ml' 
phuretted  hydrogen),  disengaged  from  sulphuret  of  iron 
by  the  action  of  diluted  sulphuric  acid,  over  c]ranodide 
(prussiate)  of  mercury,  contained  in  a  tube,  gently  heatedf 
and  communicating  with  a  receiver  refrigerated  by  a  mix* 
ture  of  ice  and  salt.  As  soon  as  the  hydrosulphuric  add 
gas  comes  in  contact  with  the  cyanodide  of  mercuiy^  > 
double  decomposition  takes  place;  the  sulphur  of  the  acid 
combines  with  the  mercury  of  the  cyanodide,  forming  inl' 

E buret  of  mercury,  which  remains  in  the  tube;  while  the 
ydrogen  of  the  former,  and  the  cyanogen  of  the  lattefi 
unite  in  the  form  of  hydrocyanic  acid  vapour,  which  passed    : 
on  and  condenses  in  the  refrigerated  receiver.   A  tube,  com- 
municating with  the  receiver,  will  be  found  useful;  for  if  the 
hydrosulphuric  acid  be  disengaged  in  too  great  abundancei 
its  odour  will  be  perceived  at  its  orifice,  which  occurrence  i^ 
the  signal  for  stopping  any  further  extrication  of  the  acid  gtft 
Any  contamination,  however,  of  the  hydrocyanic  acid  by  bf 
drosulphuric  acid,  may  be  completely  prevented  by  placing 
a  small  portion  of  carbonate  of  lead  in  the  extremity  of  tb^ 
tube,  through  which  the  former  is  to  pass,  by  irhich  th* 
latur  will  be  arrested.  By  the  process,  just  detailed,  VaU' 
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qu^tt  obttmed  a  liquid,  having  all  the  pffopertiea  of  diy  C«i>.lL 
hydrocyanic  acid.  This  method  for  proGuring  the  acid  is 

y  to  perform,  and  yields  a  much  larger  product,  than  the 

;  bv  the  action  of  hydrochloric  acid* 

VII.  Vauquclin  calls  the  attention  of  apothecaries,  who 
wish   to  prepare  hydrocyanic  acid  to  be  employed  as  a 
Bedicine,  to  the  following  method,  invented  by  Proust.  Prmmi^s 
Pass  a  current  of  hydrosulphuric  acid  gas  through  a  cold^^''*^"^ 
saturated  solution  of  cyanodide  (pnissiate)  of  mercury, 
until  the  acid  should  be  in  excess*    Put  the  liquid  obtained 
m  a  flask,  closed  from  the  air,  agitate  it  from  time  to  time, 
and  then  filter  it.   If,  after  filtrauon,  the  liauid  should  still 
aontinue  to  contain  traces  of  hydrosulphuric  acid,  the  pre- 
sence of  which  may  be  ascertained  bv  the  smell;  it  must 
be  mixed  with  carbonate  of  lead,  ana  filtered  again.  The 
iltered  liquid  will  be  a  solution  of  hydrocjranic  acid.  The 
manner,  in  which  it  becomes  formed,  is  sufficiently  ob- 
vioaa.    A  mutual  decomposition  takes  place  between  the 
^anodide  of  mercury  and  the  hydrosulphuric  acid;  which 
itaulta  in  the  formation  of  a  sulphuret  of  mercury,  and  the 
scid  under  consideration.   By  filtering,  the  sulphuret  is  re- 
BKived,  and  the  acid  obtained  in  a  state  of  solution.  By  pur-  Thb  nn- 
saing  this  method  for  the  preparation  of  the  acid,  it  will  be  ^^ 
obtained,  much  more  concentrated,  than  is  proper  for  em-  pmariDg 
jdoyment  as  a  remedy;  and  it  will  have  this  advanuge  "7*^>^ 
over  the  dry  acid,  that  it  keeps,  without  alteration,  for  abJ^empioj- 
looger  time,  if  precautions  be  taken  for  preventing  the  in-  ed  at « re- 
fluence  of  heat,  or  of  the  atmosphere.*  "    ^' 

VIII.  Hydrocyanic  acid  was  discovered  in  consequence  Hydroeya- 
•f  the  successive  researches,  made  by  chemists,  into  the"l^*^*^>. 
aature  of  Prussian  blue.  This  pigment  was  accidentally  during  the 
discovered,  in  1760,  by  Diesbach,  a  preparer  of  colours,  at^*^|^<^ 
Bei^n.  This  artist  was  desirous  of  precipitating  a  particu-  i^/ue. 
lar  colour;  and,  for  that  purpose,  borrowed  some  potash 
iirom  Deppel,  the  chemist,  who  is  known  as  the  discoverer 
of  an  animal  oil,  formerly  much  used  in  medicine.  The 
potash,    instead  of  producing  the   colour  desired,  threw 
down  a  beautiful   blue   powder.   Upon  investigating  the 
cause  of  the  unexpected  production  of  this  blue  powder,  it 
was  ascertained  that  the  potash  employed  had  been  calcin- 
ed with  blood,  in  some  of  Deppel's  processes.  Guided  by 
this   information,  Diesbach  afterwards  succeeded  in  con- 
triving a  process,  by  which  he  could  produce  the  blue  pow- 
der at  pleasure.  This  l)lue  powder  is  Prussian  blue. 


*  Vaxiqoelin's  paper  on  cvanogcn  and  hydrocvanic  acid  may  be  (band  in  the 
Antiales  dc  Chimie,  Vol.  I\ .  ('  (ct  1818).  All  the  facti  f^wn  in  the  lbc«c  lait 
paragraph!  are  taken  from  his  pnper. 
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Book  I.       Prussian  blue  may  be  prepared  by  igniting,  at  a  moderstc 
lMf«opil.}^eat>  three  parts  of  dried  blood,  and  two  parts  of  carbonale 
Pruuian     of  potash  (common  potash).  The  mass^  is  then  dissolved  ia 
obtSnedr   water,  and  the  solution  formed,  precipitated  by  a  solutioo 
of  one  part  of  sulphate  of  iron  (green  vitriol)  and  two  parts 
of  sulphate  of  aluroina-and-potash  (alum).  The  precipitate 
which  is  obtained  is  green;  but,  after  being  washed  with 
diluted  hydrochloric  (muriatic)  acid,  it  becomes  of  a  beau- 
tiful blue  colour, 
lu  chemi-       As  Prussian  blue  constituted  a  very  important  pigment; 
^v"*!eat-  ^^  became  a  desideratum  with  chemists,  to  ascertain  its 
ed^byKue- exact  composition.  Macquer  was  the  first  chemist  of  note, 
quen  and    ^ho  entered  upon  this  investigation.  He  ascertained  aevend 
facts,  correcdy,  of  it;  but  drew  the  erroneous  conclusion, 
that  it  was  composed  of  iron,  supersaturated  with  phlogis- 
ton, or  the   hypothetical  substance,  whose  presence  was 
supposed  to  give  combustibility  to  combustible  substances. 
by  Schceie,  Scheele  was  the  next  chemist  of  eminence,  who  took  up  the 
m^Tu «)-  subject.    He  discovered  a  method,  by  which  the  colouring 
icMiring       matter  of  the  pigment,  might  be  separated;  and  came  to 
"h^r*  t  ^^^  conclusion,  tnat  it  was  a  compound  of  ammonia  and 
the  imme  of  charcoal.  His  process  has  already  been  given,  in  the  begin- 
prasne       QiQg  of  the  present  section.  The  colouring  matter  was  soon 
after  named  prussic  acid  by  Morveau;  and  it  continued  to 
be  called  by  that  name,  until  very  lately. 

BerthoUet  repeated  and  extended  the  experiments  of 
Scheele.  This  chemist  came  to  the  conclusion,  that  prus* 
sic  acid  does  not  contain  ammonia  ready  formed,  but 
is  a  triple  compound  of  carbon,  hydrogen,  and  azote. 
This  conclusion  was  confirmed  by  Clouet,  who  found  that 
prussic  acid  was  formed,  when  ammonia  is  made  to  pass 
through  a  red-hot  porcelain  tube,  filled  with  charcoaL 
Now,  the  ammonia  must  have  been  necessarily  decom- 
posed, under  such  circumstances. 

Although  the  researches  of  Scheele  and  BerthoUet  had 

made  manifest   the   constituents  of  prussic  acid;  yet  no 

chemist  was  aware  of  the  manner,  in  which  they   were 

combined.  This  discovery  was  reserved  for  Gay-Lussac. 

Manner  in      "I^^^  chcmist  discovered,  in  1815,  that  a  peculiar  gaseous 

which  the   fluid  might  be  obtained,  by  exposing  the  substance,  usually 

enuofThe  called  prussiate  of  mercury,  to  a  heat,  somewhat  undor 

colouring    rcdness.  He  ascertained  that  it  possessed  many  curious 

unitecT  m^  properties,  and  that  it  was  a  compound  of  carbon  and  azote. 

certained    It  is  the  cyanogen*  gas,  already  noticed  under  the  head  of 

hy  Gay- 


*  Cyanogen  it  derived  fVom  xvfleM)f ,  a  blae  eolour,  and  yiyntfuu  to  gCDentc;  it 
bebg  the  charMteristio  coostHueDt  in  Pnisuan  Uue. 
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ovfaoD.  He  discovered  also,  that  this  gat,  oombined  with   Chaf.  ii. 
bydfogen,  constitutes  pure  prussic  acid;  and,  consequendy,       [ 
that  die  azote,  in  this  acid,  is  not  combined  with  hydro-  ^Jl^ 
gni,  in  the  form  of  ammonia,  but  with  carbon,  forming  changed 
C]fanogen«  This  discovery,  of  the  manner  in  which  the  con-  Si?  ^  h^* 
tcitaents  of  the  acid  are  combined,  induced  Gay-Lussac  to  drocyaoic 
ihcr  its  name  from  prussic  to  hydrocyanic.  *^* 

IX*  Hydrocyanic  acid,  as  obtained  by  Gay-Lussac's  pro*  Properties 
cess,  is  a  colourless  liquid,  possessing  a  strong  smell,  simi-  ^^-^I^^' 
lir  to  that  of  peach  blossoms;  and  a  sharp  taste,  which,  at 
irst,  appears  cooling,  but  afterwards  produces  a  burning 
semation  in  the  mouth.  At  the  temperature  of  44}^,  its 
ipecific  gravity  is  0-70.  At  the  temperature  of  64)^,  it  is 
0^.  Its  specific  gravity,  in  a  state  of  vapour,  compared 
with  common  air,  is  0*94*  Its  boiling  point  is  at  79*7  ,  and 
its  point  of  congelation,  about  5^. 

X.  Hydrocyanic  acid  vapour  is  inflammable.  When  fired 
hf  the  electric  spark  with  oxygen,  the  products  are  water, 
cirbonic  acid,  and  azote.  Iodine  exerts  no  action  upon  it: 
thii  supporter  may  be  volatilized  in  the  acid  vapour,  with- 
out undergoing  any  change.  It  is  decomposed  by  chlorine, 
ddorocyanic  acid  being  formed,  and  hydrogen,  evolved* 

XL  When  potassium  or  sodium  is  heated  in  hydrocyanic 
acid  vapour,  the  latter  becomes  decomposed;  cyanodide  of 
potassium  or  sodium  is  formed,  and  hydrogen,  evolved.  In 
like  manner,  cyanodides  are  formed,  when  potash,  soda,  or 
barytes  is  heated  in  this  acid  gas.  When  passed  over  red- 
hot  iron  or  platinum,  the  acid  vapour  is  completely  decom- 
posed into  its  ultimate  constituents. 

XII.  Hydrocyanic  acid  cannot  be  kept,  for  any  length  it  deeom- 
of  time,  without   undergoing  a  total   change.   Ine   pro- P^JSjJS^**' 
ducu  of  its  decomposition   are   ammonia,  and  a  charry  into  ammo- 
matter,  which  is  deposited.    It  does  not  appear  capable  of  °u>m<i 
combining  with  salifiable  bases.  When  the  attempt  is  made  ^ 
to  produce  this  combination,  a  double  decomposition  takes 
place,  and  a  cyanodide  and  water  are  formed.  Some  of 
diese  decompositions  will  be  detailed  under  the  heads  of 
the  salifiable  bases. 

XIII.  Hydrocyanic  acid  is  composed  of  its  oompo- 
Azote    14— one  atom.  1          .>                «-            ^^^^         •'^*^- 
CitfboD  la-two  atoms. }   "  ^Y^ogtn  26-one  atom. 

Hydrogen   1— -one  atom. 

Giving  27  for  the  number 
representing  the  weight  of  its  atom. 

XIV.  Hydrocyanic  acid  is  a  very  deleterious,  narcotic  Its  propei- 
poison.  It  has  been  employed  of  la^,  by  Magend;e,  as  a  ^^^? 
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Book  I.  remedy  in  polfDOBary  consumption.  It  does  not  appear  ca* 
Ptvitton  n.  pable  of  arresting  tlie  progress  of  this  dreadful  disease, 
when  completely  formed;  but  in  some  cases,  yet  in  the 
incipient  state,  it  has  calmed  the  irritation,  which  gives  rise 
to  cough,  and  lessened  expectoration  in  a  remarkaide  de* 
gree.  This  acid,  as  a  remedy  in  phthisis,  has  deservedly 
attracted  the  attention  of  practitioners  in  diiferent  countriei; 
and  is  now  undergoing  such  trials,  as  will,  no  doobt,  deter- 
mine, with  precision,  its  medicinal  powers. 


CLASS  IV. 

JCIDS  OF  IRREGULiM  COJ^STITUTIOM 
Acids  of  ir-     This  class  of  acids  embraces  the  following  compounds: 

IPHqIbtoob* 

tStotkMiy  !•  Chloroetrboiiio  AeU.  5.  Cliloroeyuiie  Acid, 

•nameimt^  &  Chloriodie  Aeid.  6.  Salphoejanie  Aeid. 

ed.  9,  Borofluorie  Aoid.  7.  Ferroeytnie  Acid. 

A  aUiooauorie  Aeid. 

These  acids  will  be  described  in  the  seven  feOowini 
sections* 

SECTION  I. 

OP  CHLDROCARBONIC  ACIB. 

PhMgene  gOM  of  J.  Davy. 

C^ioraMr*       L  Chlorocarbonic  acid  may  be  obtained  by  the  fol- 
^■^  *^«  lowing  process:  Into  a  flask,  made  as  dry  as  possible  vA 
^       ^'  exhausted  of  air,  introduce  equal  volumes  of  chlorine  gs* 
and  carbonic  oxide  gas,  previously  dried,  as  completely  ti 
possible,  by  being  left  in  contact  with  fused  cMoridc  of 
calcium  (muriate  of  lime).  Expose  the  mixture  to  sunsbio^ 
for  about  a  quarter  of  an  hour.  The  gases  diminish  to  on^ 
half  their  original  bulk,  the  chlorine,  at  the  same  tifD^i 
losing  its  peculiar  colour.    The  resulting  gas  is  chloro- 
carbonic  acid.   It  was  discovered,  in  181S,  by  Dr.  Job 
Davy. 
Its  proper.      II.  Chlorocarbonic  acid  is  a  gaseous  fluid,  invisible  ao^ 
^^  elastic  like  common  air.   Its  smell  is  very  strong,  and  li>* 

been  compared  to  that  which  would  be  produced  by  d>^ 
mixture  of  the  odours  of  chlorine  and  ammonia.  Its  nim^ 
are  more  strong  and  suffocating  than   those  of  chlorin^* 
their  action  on  the  eyes  causes  a  painful  sensation,  and  ^ 
rapid  flow  of  tears.  It  changes  vegetable  blues  to  red,  bP^ 
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hii  odier  properties  of  an  acid.  It  is  decomposed  by  water,   CoAF.n. 
and  it  converted  into  hydrochloric  (muriatic)  acid  and  car-     - 
home  acid.  Its  decomposition  is  produced  also,  when  anti- 
Booy,  arsenic,  zinc,  or  tin,  is  heated  in  it;  the  chlorine 
Mig  absorbed  by  these  metals,  and  carbonic  oxide,  left 

bdimd.  It  is  not  known  to  combine  with  any  salifiable  base 

bat  ammonia. 
IIL  Chlofocarbonic  acid  is  composed  of  ^^  Mnpo- 

rJiT      ^  *  (>  *■  Carbonic  oxide  1  ■!     one  atom* 

urbon  6— one  atom.  J         ^«»^u»w*imc  «i^^ii^  «wm. 

Chlorine  36-i-one  atom. 

Giving  50  for  the  num- 
kr  rq>re8enting  the  weight  of  its  atom. 


SECTION  II. 

OF  CHLOmODIC  ACID. 

Chloruret  •/ Iodine  of  Gay-LotiAe. 

I.  Cbioriodig  acid  Is  formed,  when  a  current  of  chlo- ChioriodU 
rioe  is  made  to  pass  into  a  vessel  containing  iodine.    A  ^^^^L 
combination  takes  place,  and  the  compound  formed  is  chlo- 

riodic  acid. 

II.  This  acid  was  first  discovered  by  Sir  H.  Davy;  and 
afterwards  by  Gay-Lussac,  without  being  aware  of  the  pre- 
vious discover)'  of  Davy. 

III.  Chloriodic  acid. is  a  solid  substance;   and,  when lu proper- 
anther  of  its  constituents  is  in  excess,  it  has  a  yellow  ^^ 
cokmr.  When,  however,  the  iodine  is  in  excess,  it  is  red. 

It  is  ver}'  volatile,  and  deliquesces,  when  exposed  to  the 
open  mr. 

IV.  Chloriodic  acid  dissolves  in  water.  This  solution  isDisMlTetia 
coloiirless,  if  neither  constituent  of  the  acid  be  in  excess;  ^*^^' 
but  if  the  chlorine  predominates,  it  has  a  yellow  colour.  It 
gradually  destroys  vegetable  colours,  and  possesses  many 

of  the  properties  of  an  acid.  It  is  always  decomposed, 
whenever  the  attempt  is  made  to  unite  it  with  a  salifiable 
base;  water  being  decomposed,  and  hydrochloric  (muriatic) 
and  iodic  acids,  being  formed.  No  analysis,  which  can  be 
depended  upon^  for  accuracy,  has  been  made  of  this  acid. 
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3  SECTION  III. 


OF  BOBOFLUORIC  ACID. 

Utoal  ehemical  Dame,  Ftuoborie  Acid. 


Boroflu*.        I*  BoRorLUORic  ACID  may  be  obtained  by  applying  the 


j^^cM;      heat  of  a  lamp  to  a  mixture,  in  a  retort,  of  one  part 
^7  finely  pulverized  fused  boracic  acid,  two  parts  of  iuor 

spar  (hydrofluate  of  lime)  and  twelve  parts  of  sulphuric 
acid.  A  gas  is  disengaged,  which  must  be  collected  ofcr 
mercury:  this  gas  is  boroflaoric  acid.  It  was  discovered,  is     i| 
1808,  by  Gay-LusAac  and  Thenard.  ' 

lu  proper-      H.   Borofluoric  acid  is  a  gaseous    fluid,  invisible  wA 
ties.  elastic  like  common  air.   Its  taste  is  exceedingly  acid,  and 

its  smell  resembles  that  of  hydrochloric  (muriatic)  acid.  It     "; 
instantly  changes  vegetable  blues  to  red.    It  may  be  passed     ^ 
over  red-hot  iron,  without  undergoing  decomposition.  I^    \ 
Spee.  gra?.  IS  about  two  and  one-third  times  as  heavy  as  common  aij" 
^'^''      It  combines  with  salifiable  bases,  and  forms  salts  which  wvl 
be  called  borofluates. 
Abwrbedy        III.  Water  absorbs  700  times  its  volume  of  borofiuor^^ 

iudoiibL  by  •^"^  8**»  ^^^  becomes  nearly  foAr-fifths  heavier*  Liqi*** 
water.*  borofluoric  acid,  which  is  thus  formed,  has  a  certain  dcga** 
of  viscidity;  in  which  circumstance,  as  well  as  in  requiri^^ 
a  high  temperature  for  ebullition,  it  resembles  liquid  a«^ 
phuric  acid.  When  heated,  it  emits  fumes,  until  about  ocB^* 
fifth  of  the  acid  gas  has  separated;  after  which,  the  furttm^ 
increase  of  heat  produces  no  effect.  It  agrees  also  with  liqi^  ^ 
sulphuric  acid,  in  the  manner  in  which  it  acts  upon  anin^^ 
and  vegetable  substances;  it  converting  them  into  chartu^' 
IV.  When  potassium  or  sodium  is  heated  in  borofluor^ 
acid  gas;  these  metals  undergo  combustion,  and  the  acid  ^ 
decomposed.  Fluoride  of  potassium  or  of  sodium  is  fortf** 
cd,  intermixed  with  boron.  When  either  of  these  fluorid^^ 
is  thrown  into  water,  this  liquid  is  decomposed,  and  hydr^^ 
fluate  (fluate)  of  potash  or  soda  is  formed.  Hence,  it  i" 
evident  that  borofluoric  acid  is  a  compound  of  boron  ac»^ 
fluorine;  but  united  in  what  proportional  quantities  is  n^'^ 
known. 
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SECTION  IV.  

OF  SIUCOFLUORIC  ACID. 

lal  ohemieal  names,  Silicated  Fluoric  AeitL^^FluniUcic  Add. 
The  Fluoric  Acid  of  Seheele. 

iLicoFLUORic  ACID  may  be  obtained  by  e3q>osiiig  sifieofloo- 
arts  of  pulverized  flaor  spar  and  glass,  made  into  a  ^  ^^i 
nth  sulphuric  acid,  to  a  gentle  heat,  in  a  retort.  A^^         ' 
extricated  in  abundance,  which  must  be  collected 
ercury.  This  gas  is  silicofluoric  acid. 
Is  the  history  of  this  acid  gas  is  very  much  connect-  Aeeount 
the  researches,  which  have  been  made  by  chemists,  ^^^^."^ 
me  to  time,  mto  the  nature  ot  fluor  spar,  frequently  whkh  led 
Derbyshire  spar,  it  is  proper  to  give  a  short  account  ^^  ^®  ^ 

1*  its  trae  na- 

r  spar  was  formerly  used  as  a  flux  to  facilitate  the  ture. 
of  ores;  and  it  is  from  this  circumstance  that  it  has 
ie»  Nothing  had  been  ascertained  of  its  chemical 
except  that  it  had  the  power,  under  certain  circum* 
,  of  corroding  glass,  a  fact  which  was  known,  at 
iberg,  as  early  as  the  year  1670,  until  MargraflF  ptib- 
s  dissertation  on  it,  in  the  Berlin  Transactiona  for 
Thia  chemist  ascertained,  that  sulphuric  acid  was 
".  of  its  ingredients,  as  had  been  previously  conjec- 
and  procured,  by  the  action  of  this  acid  upon  it,  a 
sublimate,  which  he  supposed  to  be  the  fluor  spar 
mdecomposed.  He  observed,  also,  that  the  retort,  in 
the  experiment  had  been  made,  was  corroded  into 
1  several  places. 

771,  three  years  after  the  publication  of  Margraff; 
t  published  a  set  of  experiments  upon  fluor  spar» 
;hemist  resolved  it  into  lime,  and  a  peculiar  acid, 
that  time  unknown,  to  which  he  gave  the  name  of 
acid,  from  the  name  of  the  spar  itself.  He  examined 
d,  which  he  obtained,  and  noted  many  of  its  proper- 
lie  subject  was  soon  after  pursued  by  Priestley.^ 
diemist  demonstrated  that  the  acid,  obtained  by 
;,  was  a  gaseous  fluid,  and  added  considerably  to 
lowledge   previously  possessed  with  regard  to   its 

tough  the  fluoric  acid  of  Scheele  remained  an  unde-  ]j 

unded  substance,  contrary    to  the   analogy   of  the 

acids;   yet  it  was  considered  to  be  perfectly  well 

ined,  that  it  was  the  acid  existing  in  fluor  spar.  This 

1  was  universally  held,  when  Weigleb,  Bucholz,  and  V 
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Book  L    Meyer  successively  proved,  that  the  fluoric  acid  of  Schede 

Difuionll   contained  silicat  which  did  not  exist,  necessarily,  in  the 

acid  of  fluor  spar;  but  entered  into  combination  with  it,  in 

consequence  of  its  extrication  in  glass  vessek;  such  vesseb 

being  always,  in  part,  dissolved  by  its  action. 

In  1808,  Gay-Lussac  and  Thenard  discovered,  that,  by 
distilling  fluor  spar  containing  no  silica,  with  concentrated 
sulphuric  acid,  in  leaden  vessels,  an  acid  is  obtained,  veiy 
different  from  the  fluoric  acid  of  Scheele,  in  which  silica  ii 
not  a  constituent* 

In  1812,  Dr.  John  Davy  ascertained,  that  the  fluoric 
acid  of  Scheele  contained  silica,  not  as  an  accidental,  bat  si 
an  essential  constituent;  and  that  the  acid  of  Scheele  wn 
composed  of  the  fluoric  acid  of  Gay-Lussac  and  Thenardi 
and. silica,  united    in   an   invariable   proportion.    Henoei 
therefore,  Scheele  did  not  discover  the  acid  of  fluor  tpv; 
but  the  acid,  which  he  obtained,  is  a  peculiar  one^  COA' 
posed  of  the  true  acid  of  this  spar  and  silica*   It  is  thu  pe- 
culiar acid,  which  furnishes  the  subject  of  the  pretent 
section.    The  true  acid  of  fluor  spar,  commonly  called 
fluoric  acid,  has  already  been  described,  under  the  name  of 
hydrofluoric  acid. 
Prraerties      III.  Silicofluoric  acid  is  a  gaseous  fluid,  invisible  and 
arie  aeili^'  elastic  like  common  air.  It  possesses  a  very  sour  taste,  and 
a  smell,  similar  to  that  of  hydrochloric  (muriatic)  acid.  It 
changes  vegetable  blues  to  red.  When  allowed  to  escape 
into  the  open  air,  it  assumes  the  form  of  white  fumes,  ow- 
Spee.  gre?.  ing  to  its  combination  with  moisture.  It  is  about  three  and 
^'^^'      a  half  times  as  heavy  as  common  air.  It  is  absorbed  by 
water,  which  takes  up  263  times  its  volume  of  the  add 
gas;  but  it  is  decomposed,  and  deposites  its  silica. 
Ittproba-        IV.   As  to  the  composition  of  silicofluoric  acid,  the 
bie  compo-  most  usual  opinion  is,  that  it  is  a  compound  of  hydro- 
fluoric (fluoric)  acid  and  silica.   If  this  should  turn  out 
to  be  its  true  composition;  then,  according  to  the  nomen- 
clature adopted  in  this  work,  it  should  be  called  silicated 
hydrofluoric  acid.    Sir  H.  Davy,  however,  supposes,  from 
analogy,  that  it  is  composed  of  fluorine  and  silicum.* 

^  The  reader  has,  no  doubt,  noticed,  that  f  have  taken  the  liberty  oTpropouBf 
new  names  for  the  acids  last  described.  I  purposelv  omitted  any  eziilanatioti  oa 
the  sabject,  until  both  acids  were  described;  in  order  that  one  notioe  of  the  alte* 
rations  mig^t  serve  for  both. 

As  I  hi^  rejected  the  opinion  that  silica  b  an  acid,  or  silicam  acidifiable^  I 
•ould  not  eive,  to  the  names  of  these  substanees,  the  characteristic  termination  of 
an  acid.  Hence,  it  could  not  be  pm|>er  tn  call  the  add,  here  denominated  siKeo- 
fluoric  acid,  by  the  name  of  flunsilicic  acid,  or  the  salts  formed  by  it,  fluodlieates. 
These  latter  salts  have,  therefore,  been  called  silicofluates,  which  is  r  better 
term;  as  it  has  some  conforinitT  with  their  old  name,  fluates.  The  discoverers  oT 
boroflaoric  aeid  (Gay-Lussac  H  Thenard)  have  given  to  it^  the  name  of  fluoboric 


€»LOROCTANIC  ACID.  241 

«HAP  11. 

SECTION  V. 

OP  CHLOROCTAKtC  ACID. 
Oxypru98ie  ^ctJof  Berthollet. 

L  Chloroctanic  acid  may  be  obtained  by  the  follow- Chloroeya- 
ing  process:  Pass  a  current  of  chlorine  through  a  solution  hoJ*^Lsn. 
of  hydrocyanic  acid,  in  water,  until  the  latter  discolours  ed. 
indigo  dissolved  in  sulphuric  acid.  Agitate  the  liquid 
obtained  with  mercury,  in  order  to  remove  any  excess  of 
dilorine.  The  liquid  is  now  a  solution  of  chlororyanic  acid. 
To  separate  it  in  a  pure  state,  a  glass  cylinder  is  filled, 
tiro«thirds  with  mercury,  and  the  remainder  with  this  li- 
mnd,  and  then  inverted  in  a  basin  of  mercury*  The  cylin- 
der, thus  disposed,  is  put  under  the  receiver  of  an  air-pump, 
and  the  air  exhausted,  until  the  whole  of  the  mercury  and 
liquid^  contained  in  the  cylinder,  sinks  into  the  basin;  the 
space  in  the  cylinder,  being  filled  with  chlorocyanic  acid 
npour.  Upon  letting  the  air  into  the  receiver  again;  the 
mercury  rises  in  the  cylinder,  and  the  chlorocyanic  vapour 
becomes  condensed  into  a  liquid,  and  is  thus  obtained  pure. 

IL  Berthollet  was  the   first  chemist  who  formed  this  Diseoreiy. 
arid;  but  he  was  led  to  believe,  that  it  was  a  compound  of 
oxygen   and   prussic  (hydrocyanic)  acid*   Its  real  nature 
was  ascertained,  in  1815,  by  Gay-Lussac,  who  obtained  it, 
in  a  separate  state,  by  the  process  just  given. 

III.  Chlorocyanic  acid  is  a  colourless  liquid,  possessing Ita proper- 
a  peculiar  odour.  Its  vapour,  when  drawn  into  the  nose,^^' 
stimulates  the  Sneiderian  membrane,  and  occasions  a  flow 

of  tears.   It  is  capable  of  combining  with  water.   It  is  not 
known  to  combine  with  any  of  the  salifiable  bases. 

IV.  Chlorocyanic  acid  is  composed  of 
Azote    14^— one  atom.    1      />  cm* 

Caibon  12-two  atoms,  j"  Cy^°8^°  *^-°"'^  »^°"- 

Chlorine    36— -one  atom. 

Giving  62  for  the  number 
representing  the  weight  of  its  atom. 


(flnoborique}  aekl.  Both  the  oonttituents  of  Uiis  aoid  are  aeidifiable;  aod,  perhaps, 
it  raay  be  ouled  hr  both  these  nnrnes  with  equal  propriety  Rat  in  order  that  the 
acida,  containmg  flaoriDe  (orh}drofluorio  aeid)  might  ha^e  a  uniform  termina- 
lioii,  fonned  from  the  name  of  this  sabttance,  the  name  of  boroAaorio  aaid  has 
bM»  iubatitittad  for  flaoborie  aoid. 

2H 


342  ACIDS. 

Book!. 
DMskwU. 

SECTION  VL 

OF  SULPUOCYANIC  ACID. 
Sulphuretted  ChfOxU  Add  of  Porrett.— ^cAroxolAfomc  Jddtd  Groltlmi. 

Snlplioeji-  L  SuLPHOCTANic  ACID  may  be  obtained  by  the  foDow^ 
?^*^i.  ing  process:  Dissolve  one  part  of  sulphuret  of  potash  ia 
ed.  '  water,  and  boil  it  with  three  or  four  parts  of  Prussian  Uue 

in  powder,  added  at  intervals:  sulphuret  of  iron  becomei 
formed;  and  there  remains  in  solution,  sulphocyaoic  acid, 
combined  with  potash,  together  with  sulphate  and  hyposul- 
phite of  potash.  At  this  stage  of  the  process,  add  sulphuric 
acid  to  the  liquid,  until  it  become  decidedly  acid.    Then 
heat  it  nearly  to  the  boiling  point,  for  some  time,  and  add 
a  litdc  peroxide  of  manganese:  the  liquid  will  assume  a 
crimson  colour.   Now  add  to  it  a  solution  of  two  parts  of 
persulphate  of  copper,  and  three  parts  of  sulphate  of  iron, 
until  the  crimson  colour  disappear.    A  copious  precipitate 
falls,  which  is  sulphocyanic  acid,  in  combination  with  pro- 
toxide of  copper.  By  boiling  this  salt  in  liquid  potash,  the 
acid  becomes  dissolved,  and  the  protoxide  is  left  belund< 
Mix  the  solution  of  the  acid  in  liquid  potash,  thus  obtained, 
with  sulphuric  acid,  and  distil  in  a  retort.  The  product  of 
the  distillation  will  be  sulphocyanic  acid, 
luehemi-       IL  Sulphocyanic  acid  was  discovered,  in  1808,  by  Por- 
d«ihtf*L**  ^^^^  ^y  whom  it  was  called  prussous  acid.  This  chemist 
re-examined  this  acid  in  1814,  and  ascertained  that  it  con- 
tained sulphur;  and  finally  concluded,  that  it  is  a  compound 
of  hydrocyanic  acid  and  sulphur.   A  chemist,  of  the  name 
of  Grotthuss,  has  still  more  lately  examined  this  acid;  and 
concludes,  that  it  contains  neither  cyanogen  nor  hydrocyanic 
acid,  ready  formed;  but  the  constituents  of  these  compounds. 
He  thinks  that  azote  and  hydrogen  are  prt  sent  in  it,  in  the 
requisite  proportions  to  form  ammonia;  but  he  does  not 
believe  that  the  acid  contains  this  alkaline  base  ready  form- 
ed.  The  theory  of  the  composition  of  the  acid,  which  this 
chemist  embraces,  is,  that  it  has  a  triple  compound  base, 
consisting  of  carbon,  azote,  and  sulphur,  which  he  proposes 
to  call  anthrazothion,*  and  that  this  base  is  acidified  by  hy- 
drogen. The  acid  itself  he  calls  anthrazothionic  acid.  Vogel 
combats  the  conclusions  of  Grotthuss,  shows  in  what  way 
his  experiments  were  fallacious,  and  coincides  in  opinion 


*  From  the  Grtek  wordf  signifying  charcoal,  azote,  and  lalphur. 
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wiA  Porrett,  that  this  acid  is  really  a  coittpound  of  hydro-  qip.  VL 
cyanic  acid  (or  its  elements)  with  sulphur.*  ' 

IIL  Sulphocyanic  acid  is  a  colourless  liquid,  possessing  lu  proper- 
a  strong  smell,  which  somewhat  resembles  that  of  acetic  ^<^* 
acid  (distilled  vinegar).    In  a  state  of  the  greatest  concen*  Spee^n^r. 
tratioD,  it  is  very  little  heavier  than  water.  When  subjected     ^'^ 
to  distiUation,  it  is  partially  decomposed*   Its  combinations 
with  salifiable  bases  are  called,  by  Dr.  Thomson,  sulpbo- 
cyanates. 

IV.  According  to  Porrett,  sulphocyanic  acid  is  composed, 
in  whole  numbers,  of 

Hydrocyanic  acid    27— -one  atom* 
Sulphur  51^more  than  three  atoms. 

So  that  it  appears,  that  the  proportion,  in  which  the  proxi- 
mate constituents  of  this  acid  combine,  does  not  accord 
tith  the  atomic  theory. 

V.  Vogel  has  ascertained  that  sulphocyanic  acid  possesses  An  aetl?e 
Ac  pn>perties  of  a  very  active  poison*  When  concentrated,  P"*"* 
even  in  a  small  dose,  it  produces  death  very  quickly.  When 
diluted  and  given  in  repeated  doses,  it  exhibits  its  effects 

more  particularly  upon  the  organs  of  respiration,  and  cxtin- 
(ui&hes  life  more  slowly.f 


SECTION  VII. 

OF  FKRUOCYANIC  ACID. 

Ferruretted  Chyaxic  ^Icid  of  Porrett 

I.  Ferroctanic  acid  may  be  obtained  by  the  following  Ferrocj-fc. 
process:    Dissolve  the  salt,  usually  called  triple  prussiatc  howTbtain 
of  barytes,  which  is  a  compound  of  fcrrocyanic  acid  and  ed. 
I^tes,  in  cold  water,  and  add  absolute  sulphuric  acid,  in 
the  proportion  2*53  grains  for  every  10  grains  of  the  salt 
employed.  The  sulphuric  acid  will  combine  with  the  ba- 
7^c»  of  the  triple  prussiatc,  and  gradually  fall  in  the  form 
<^f  an  insoluble  sulphate.    After  removing  the  sulphate  by 
the  filter,  the  remaining  liquid  will  be  a  solution  of  ferro- 
cyanic  acid. 

U.  Porrett  has  lately  given  a  method  for  obtaining  ferro- 
cyanic  acid  in  the  state  of  crystals.  The  process  consists  in 
adding  an  alcoholic  solution  of  crystallized  tartaric  acid  to 
"le  triple  prussiate  (ferrocyanate)  of  potash.  All  the  potash, 


*  Annals  of  Philosophy  (Feb.  1819.)  f  I^i^.  p.  l(Mi. 
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Book  I.    present  in  the  salt^  will  fall  in  combination  with  the  tartaric 

DiviwonlL  acid,  in  the  form  of  bitartrate  of  poiash  (cream  of  tartar), 

while  the  ferrocyanic  acid  will  be  found  dissolved  in  the 

alcohol.  By  spontaneous  evaporation,  the  acid  falls  in  the 

form  of  crystals.  • 

Its  diseoTe-     III.  As  the  history  of  this  remarkable  acid  is  connected 

3  tith  the  ^^'"J*  closely  with  the  investigations,  made  by  chemists,  into 

invettinp    the  nature  of  the  salts,  usually  called  triple  prussiates,  it 

Ij?"*®^^***  will  be  proper  to  give  some  account  of  these  peculiar  com- 

•iatet.        binations. 

A  very  short  and  imperfect  account  has  already  been 
given  of  hydrocyanic  acid,  or,  as  it  is  usually  called,  prus* 
sic  acid.  It  was  very  soon  remarked  by  chemists,  that  this 
acid  forms  salts  in  a  very  imperfect  manner,  unless  iron  be 
present  in  them;  and  subsequent  investigations  have  even 
made  it  doubtful  whether  it  be  capable  of  combining  with 
salifiable  bases  at  all.  Prussiates,  which  were  made  perma- 
nent by  the  presence  of  iron,  were  supposed  to  be  salts 
containing  two  bases,  of  which  protoxide  of  iron  was  con- 
sidered to  be  one.  .  For  example,  the  compound  called 
prussiate  of  potash,  when  made  permanent  by  the  presence 
of  iron,  was  called  prussiate  of  potash-and-iron,  or  more 
usually  triple  prussiate  of  potash.  The  only  permanent 
simple  prussiate,  formerly  supposed  to  be  known,  was  the 
prussiate  of  iron;  and,  in  this  salt,  the  iron  appeared  to 
exist  in  two  states  of  combination  with  oxygen,  both  as  a 
protoxide  and  a  peroxide. 
Anomalies  The  facts  just  Stated  were  viewed  with  surprise  by 
pi^Jlg"e^^^  chemists.  No  salts  but  the  prussiates  exhibited  similar 
suted.  chemical  relations.  Other  acids  were  capable  of  combining 
with  a  variety  of  double  basts;  but  the  prussic  acid  could 
form  no  triple  salt,  which  had  not  iron  for  its  second  base. 
Neither  did  it  appear  capable  of  forming  any  permanent 
simple  salt,  except  with  iron.  It  was  further  observed,  that 
the  properties  of  the  triple  prussiates  are  not  only  different, 
but  diametrically  opposite  to  those  of  the  compounds  called 
simple  prussiates.  The  triple  prussiates  are  permanent  in 
the  atmosphere,  and  are  not  easily  decomposed  by  any  acid, 
however  powerful:  whereas  the  compounds  called  simple 
prussiates  suffer  spontaneous  decomposition  in  the  air,  and 
their  acid  is  displaced  by  every  other  acid.  The  triple 
prussiates  are  particularly  remarkable  in  not  yielding  indi- 
cations of  the  presence  of  iron,  when  treated  with  the  re- 
agents for  the  detection  of  this  metal.  From  all  these  facts 


*  Anntli  of  Philoflophy,  p.  317.  (Sep.  1818). 
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it  was  evident,  that  iron  possessed  chemical  relations  to  the  Cbap.  IL 
pniflttates,  which  could  not  be  satisfactorily  explained  on  — *-— — 
tile  supposition,  that  it  was  present  in  these  salts  as  a  sali- 
fiable base* 

Hie  difficulties,  which  were  presented  by  the  triple  prus-  Thej  are 
Slates,  were  at  last  removed  by  Porrett.  This  chemist  has  £**i!he"5b- 
sadsfactorily  shown,  that  iron  exists  in  these  compounds,  wnry  of 
not  as  a  salifiable  base,  but  as  a  constituent  of  an  acid,  ^*  ^^^"T^ 
which  is  peculiar  to  them  alone.    Hence,  therefore,  the  i^  Porrett. 
compounds  called  triple  prussiates  are  not  triple  salts,  but, 
m  reality,  simple  salts,  composed  of  Porrett's  ferruretted 
acid,  united  to  different  bases;  and,  being  a  distinct  set  of 
salts  from  the  prussiates  (so  called),   their  permanency, 
when  compared  with  the  latter,  can  no  longer  be  a  matter 
of  surprise.  By  the  aid  of  Porrett's  discovery,  the  nature  of 
the  compound,  usually  called  prussiate  of  iron,  is  satisfac- 
torily explained.    It  is  not  a  prussiate,  but  a  salt  composed 
of  the  ferruretted  acid  and  peroxide  of  iron;  and,  hence,  its 
permanency  is  accounted  for.  It  contains  iron  in  two  states 
of  combination,  because  this  metal  is  present  in  it,  both  as 
a  constituent  of  its  acid  and  of  its  base. 

The  reader  has  now  had  explained  to  him,  in  a  very  conr* 
cise  way,  the  nature  of  Porrett's  discovery,  which  termi- 
nated in  demonstrating  the  true  nature  of  the  peculiar  com- 
pounds erroneously  called  triple  prussiates.  It  is  Porrett's 
ferruretted  acid,  under  the  name  of  terrocyanic  acid,  which 
furnishes  the  subject  of  the  present  section. 

IV.  Ferrocyanic  acid,  in  a  state  of  solution,  is  a  liquid  Propertio 
of  a  pale  yellow  colour.  It  is  destitute  of  smell.  It  auffcrs  ^H^^f ' 
decomposition,  when  exposed  to  a  gentle  heat  or  to  a  strong 

light.  It  expels  all  acids  from  salts,  with  whose  bases  it  may 
form  insoluble  compounds.  Its  compounds  with  salifiable 
bases  will  be  called  ferrocyanates.  These  combinations  are 
usually  called  triple  prussiates. 

V.  The  precise  composition  of  the  ferruretted  acid  still  Its  precipe 
remains  in  great  doubt.  Porrett  appears  at  first  to  have  con-  ^^^ 
sidered  it  to  be  a  compound  of  protoxide  of  iron  and  hy-  eorrectly 
drocyanic  (prussic)  acid.    Dr.  Thomson,  however,  from^**®^^* 
theoretical  grounds,  considered  it,  in  his  system  of  chemis- 
try, a  compound  of  iron  and  cyanogen,  and  called  it  ferro- 
cyanic acid.  This  latter  chemist  has  recently  published  a 

paper  upon  the  triple  prussiate  of  potash,*  in  the  course  of 
which  he  examines  Porrett's  acid,  and  concludes  that  it  is  a 
compound  of  hydrocyanic  acid  and  iron;  he,  however,  was 
not  enabled  to  reconcile  this  composition  with  the  atomic 
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tiooK  T.  theory.  In  consequence  of  the  investigations  of  Thomsoo^ 
Diviiion  IL  Porrett  was  led  to  re-examine  the  same  triple  prussiatt^. 
and  the  results  which  he  obtained,  induced  him  to  believe 
that  the  ferruretted  acid  contains  metallic  iron^  as  Dr'^ 
Thomson  first  supposed,  combined  with  the  elements  of  two 
atoms  of  hydrocyanic  acid  —  an  atom  of  azote.  Or  to  stat^ 
the  composition  fully,  he  considers  the  ferruretted  acid  t9 
be  composed  of 

Carbon  24— four  atoihs. 

Azote  14— one  atom. 

Hydrogen  2— -two  atoms. 

Iron  28— -one  atom. 

68 

The  composition,  which  Porrett  assigns  to  the  ferruret- 
ted acid  gives  an  equivalent  number  for  it,  which  acccords 
very  well  with  that  deduced  from  the  ferrocyanateaof  barjr- 
tes  and  potash.* 

Although  it  is  doubtful  in  what  way  the  constilaenta  of 
this  acid  are  united;  yet  it  appears  to  be  perfectly  well  as- 
certained that  hydrogen  is  one  of  it&  ingredients.  Of  cottrse- 
Dr*  Thomson's  name,  ferrocyanic  acid,  is  not  corrtfctly 
formed.  Notwithstanding,  this  appellation  is  rftsdtied,  itk 
preference  to  Porrett's  name,  which  has  the  disadvmtiq^ 
of  being  long  and  harsh-sounding. 

As  the  ferrocyanic  acid,  as  well  as  the  acid  last  described, 
contains  hydrogen,  perhaps  these  compounds  should  have 
been  classed  as  acids,  whose  bases  form  acid  compounds 
with  hydrogen  only.  But  as  their  chemical  nature  is  but 
imperfectly  understood,  and  as  \  et  a  subject  of  controverty, 
it  appeared  most  expedient  to  place  them  amongst  the  acid^ 
of  irregular  constitution. 


CLASS  V. 


ACIDS  ijsr  WHICH  oxroEj^  AJSTD  hydrogHj^  are  both 

PRESE^rr. 

Fifth  claw       Acids  belonging  to  this  class  are  the  following: 

of  acids  1.  Uric  Acid.  9.  TarUric  Acid.  17.  Pvrotartario  Acid, 

enumerat-       8.  Purpuric  Acid.  10.  Benzoic  Acid.  18    Mnrnxylic  AekL 

ed.  9.  Gallic  Acid.  11.  Saclactic  Acid.  19.  Suberic  Acid. 

4.  Formic  Acid.  12.  Citric  \ci<i.  SO.  Lucoio  Aoid. 

5.  Oxalic  Acid.  13.  Mellitic  Acid.  21    Kinic  Acid. 

6.  S6rbic  Acid.  14.  Camphoric  Acid.  22.  Ziimic  Acid. 

7.  Succinic  Acid.  15.  M»lic  Acid.  23.  Boletic  Acid. 

8.  Acetic  Add.  16.  LacUo  Acid. 

*  Anoali  of  Philosopbj  XIL  215.  (Sept.  1818.) 
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These  nctds  wjll  be  described,  in  the  prdcr  in  whioh  they  CpAg.n. 
have  been  enumerated,  in  the  following  sectionB. 

SECTION  I. 

OF  URIC  ACID. 
(Formedj  called  Lithic  AeitL) 

I.  Uric  acid  may  be  obtained  by  the  following  process:  Urie  aad; 
dissolve   calculi,  which  are  composed  principally  of  this^^^"' 
icid,  in  liquid  potash,  and  precipitate  the  solution  by  means 

of  hydrochloric  (muriatic)  acid.  The  precipitate,  after  being 
washed  with  a  little  ammonia  to  separate  adhering  acid, 
and  afterwards  with  warm  water,  is  pure  uric  acid* 

II.  Certain  urinary  calculi  are  composed  almost  entirely 
of  uric  acid.  They  are  known  by  certain  external  marks, 
fiunUiar  to  the  chemist.  When  they  are  dissolved  in  liquid 
potash,  a  solution  of  urate  of  potash  becomes  formed. 
M^en  hydrochloric  acid  is  added  to  this  solution,  it  com- 
bmes  with  the  potash  and  remarins  in  solution,  while  the 
uric  9cid  is  prec;ipitated. 

.  I|L  Uric  acid  was  discovered  in  1776  by  Scheele,  who  lu  hUtorj. 
described  many  of  its  properties.  The  results  of  this  chemist 
were  afterwards  confirmed  by  Bergman.  The  French  chemists 
soofi  after  gave  it  the  name  of  lithic  acid.  In  1797,  Dr. 
WoUaston  published  a  paper  on  the  calculous  concretions, 
and  added  much  to  what  was  previously  known  respecting 
this  acid.  The  following  year  Dr.  Pearson  published  a 
paper  on  the  same  subject,  and  enlarged  considerably  the 
previous  knowledge  of  its  nature.  This  chemist  proposed 
to  alter  the  name  of  the  acid,  from  lithic  to  uric^  a  change 
which  is  now  almost  universally  adopted.  Fourcroy  and 
Vauquelin  next  examined  the  acid,  in  their  treatise  on  uri- 
nary calculi.  Lasdy  Dr.  Henry,  in  1807,  published  a  very 
iidl  account  of  the  uric  acid. 

IV.  Uric  acid  is  a  white  powder,  possessing  a  harsh,  but  Its  proper- 
Qot  a  gritty  feel.  It  is  destitute  of  taste  or  smell.  It  changes  ^^'' 
infusion  of  litmus  to  a  red  colour.  It  dissolves  in  1720 
times  its  weight  of  water,  at  the  temperature  of  60^;  and 
ip  1150  times  its  weight  of  boiling  water.  As  the  boiling 
soli^pn  cools,  the  acid  falls  in  the  form  of  minute  crystals. 
When  subjected  to  distillation,  there  come  over  into  the 
receiver,  1*  a  drop  or  two  of  water,  holding  carbonate  of 
amiBoni:^  in  solution;  2.  dry  carbonate  of  ammonia;  3.  a 
substance,  which  has  acid  properties,  and  which  has  been 
distinguished  by  the  name  of  acid  sublimate;  and  there 
remaibs  in  the  retort,  a  coal  amounting,  in  weight,  to  about 
ooe-sixth  of  the  acid  employed. 
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248  ACIDS. 

Book  I.       V.  Uric  acid  combines  with  Balifiable  bases,  and  ibrmi  I  ^ 
Dhririon  IL  ^^^  called  urates.  I  ^ 

iti  eompo-      VL  According  to  an  analysis  U^y  made  by  Dr.  Pnmt, 
litKNL        uric  acid  is  composed  of 

Azote  14-— one  atom. 

Carbon  12*-two  atoms. 

Hydrogen  1— one  atom.  |^ 

Oxygen  8— one  atom. 


ing  its  atom.* 


Giving  35  for  the  number  represent- 


a 


SECTION  II. 

OF  PURPURIC  AdD. 

Purporie        I.  Ever  since  the  discovery  of  uric  acid,  it  had  been  ob- 
ed*b  'til™'  ®^^^^^  ^y  chemists,  that  this  acid,  when  treated  with  diluted 
action  uf^    nitric  acid,  forms  a  solution  of  a  beautiful  pink  colour* 
nitric  Mcid   Hiis  solution  has  lately  been  examined  by  Dr.  Prout,  who 
aod?  *^^    ^^^  ascertained  that  it  is  composed  of  a  peculiar  acid  prin- 
ciple united  to  amAionia.  For  the  acid  principle.  Dr.  Wol- 
laston  has  proposed  the  name  of  purpuric  acid,  which  is 
adopted  by  Dr.  Prout.   It  is  this  newly  discovered  acid| 
which  furnishes  the  subject  of  the  present  section. 
How  ob.         II*  Dr.  Prout  obtained  the  purpuric  acid  in  a  separate 
tuned  in  m  state  by  the  following  process:  He  digested  pure  uric  acid  in 
^^SJJI/^     dilute  nitric  acid;  whereby  an  effervescence  took  place,  and  the 
uric  acid  was  dissolved.  He  next  neutralized  the  excess  of 
nitric  acid  with  ammonia,  and  concentrated  the  whole  by 
slow  evaporation:  as  the  evaporation  proceeded,  purpurate 
of  ammonia  separated  in  dark -red  granular   crystals.  Bj 
treating  the  purpurate  with  sulphuric  or  hydrochloric  (mu- 
riatic) acid,  the  ammonia  was  separated,  and  the  purpuric 
acid  fell  in  the  form  of  a  precipitate, 
lu  proper       HI*  Purpuric  acid  is  in  the  form  of  a  very  fine  powder, 
«»«.  of  a  slightly  yellowish  or  cream  colour.  Its  specific  gravity 

is  considerably  above  that  of  water.  It  is  very  sparingly 
soluble  in  water,  and  perfectly  insoluble  in  alcohol  or  ether. 
It  does  not  affect  the  colour  of  litmus  paper,  which  Dr. 
Prout  supposes  to  be  owing  to  its  sparing  solubility.  It 
does  not  deliquesce  in  the  air,  but  acquires  a  purplish  tint, 
which  is  owing  to  the  spontaneous  formation  of  ammonia. 


*  Aniialt  of  PbiloMphy  XI.  355. 


GALUC  ACID.  J2^ 

Whai  expoaed  to  heat,  it  neither  melts  nor  subUmea,  but  CmavII. 
becones  purple  and  bums  away  gradually,  without  exhaling 
tof  remarkable  odour.  When  heated  in  close  vessels,  the 
products  are  dirbonate  of  ammonia,  some  hydrocyanic 
(prussic)  acid,  a  little  liquid  having  an  oily  appearance,  and 
charcoal.  It  combines  with  a  number  of  salifiable  bases, 
with  which  it  forms  peculiar  salts,  proposed  to  be  called 
purpurates. 

IV.  According  to  Dr.  Prout,  purpuric  acid  is  composed  Compoii- 
of  ^'" 

Azote  14^-one  atom. 

Carbon  13 — two  atoms. 

Hydrogen  2— two  atoms. 

Oxygen  16— two  atoms. 

Giving  44  for  the  number  represent- 
isff  its  atom.* 

Upon  comparing  purpuric  acid  with  uric  acid,  it  is  per- 
ceived that  they  agree  as  to  constituents.  The  only  differ- 
ence between  them  consists  in  the  presence  of  an  atom  of 
hydrogen  and  of  oxygen  in  the  former,  not  to  be  found  in 
the  hitter. 

The  uric  and  purpuric  acids  are  the  only  acid  compounds 
of  the  fifth  class  which  contain  azote.  All  the  remaining 
acids,  belonging  here,  are  ternary  combinations  of  carbon, 
hydrogen  and  oxygen. 


SECTION  III. 

OP  GALUOf  ACID. 

I.  Gallic  acid  may  be  obtained  by  exposing  pulverized  Gaiiie  acid; 
nutgalls,  in  a  large  retort,  to  a  heat,  cautiously  and  gradual-  ^^  o*>^»n- 
ly  raised.  A  substance  sublimes  in  a  cr^'stallized  form, 
which  is  pure  gallic  acid.  This  process,  however,  does  not 
succeed  without  a  great  deal  of  precaution;  for  if  the  heat 
be  not  withdrawn  soon  enough,  a  portion  of  oil  is  driven 
over  also,  which  dissolves  the  cr\^stals,  which  may  have 
previously  formed.  The  following  method  is  more  easily 
managed. 


*  The  sbove  (acts  respeetiag  purpuric  acid  haTc  been  UkeD  from  Dr.  Prout's 
piper  on  an  acid  principle  prepared  fi*om  uric  acid.— Phil.  Tnma  1818.  part  U. 

p.4eo. 

t  From  ralla,  the  Latin  ramc  for  the  oak-gall,  the  regetible  tubttaoee  from 
vbich  galbe  acid  was  first  obtained. 

21 
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Book  L      IL  Expose  an  infusion  of  nutgalls,  for  t  long  time,  to 
PivMionlf.  |)j^  j^jj.^  removing  from  time  to  time  the  mouldf  skin,  whidi 
Another     will  form  upon  its  surface.  In  consequence  of  the  ezposmt, 
^'^^'^^^      the  infusion  will  form  a  quantity  of  sediment.  Separate  ihii 
sediment,  and,  after  having  washed  it  in  cold  water,  dis- 
solve it  in  hot  water,  and  then  filter  the  solution  formed 
and  evaporate  it  gradually.    Crystals  of  gallic  acid  wiB 
gradually  be  formed,  which  are  rendered  impure  by  ad- 
mixture of  tannin.*  To  separate  the  tannin,  make  the  crys- 
tals perfecdy  dry,  and  expose  them  to  a  gentle  heat,  in  i 
glass  vessel:  the  gallic  acid  alone  sublimes,  while  the  tamun 
remains  behind. 

III.  Gallic  acid  has  been  found  in  a  number  of  vegetaUe 
substances;  but  far  most  abunds^ntly  in  nutgalls,  from  which 
it  takes  its  name.  Its  properties  were  first  examined  by  the 
Dijon  academicians,  in  1777. 
^roperUet  IV.  Gallic  acid  is  in  the  form  of  transparent  crystals.  It 
^JS!^^  ^^  ^  ^^"'  taste,  mixed  with  a  degree  of  astringency.  When 
heated,  it  emits  a  peculiar,  but  rather  unpleasant,  aromatic 
odour.  It  is  not  altered  by  exposure  to  the  air.  It  is  a  veiy 
important  re-agent  for  the  detection  of  metallic  bodies.  It 
is  soluble  in  twelve  parts  of  cold  water,  and  in  one  and  a 
half  parts  of  boiling  water.  When  the  solution  is  exposed 
to  the  air,  it  assumes  a  brown  colour,  its  surface  becomei 
covered  with  mouldiness,  and  the  acid  is  destiwed.  It 
combines  but  imperfectly  with  salifiable  bases.  The  salts 
which  it  forms  are  called  gallates. 
Itscompo-  V.  According  to  an  analysis  of  Berzelius,  reduced  to 
numbers,  which  best  accord  with  the  atomic  theory,  gallic 
acid  is  composed  of 

Carbon       11*80— two  atoms  nearly. 
Hydrogen    1*03— one  atom,  very  nearly. 
Oxygen        8'00— one  atom. 
Supposing  this  acid  to  contain  exactly  the  number  of  atoms, 
which  seem  to  be  indicated  by  the  above  numbers,  then  the 
number  representing  the  weight  of  an  atom  of  gallic  acid 
would  be  21. 


Mtion. 


SECTION  IV. 

OP  FOR^aCt  ACID. 

Formic  I.  FoRMic  ACID  may  be  obtained  by  thp  following  pro^^ 

2J^j2ir    ^^*®'  Ii^f^se  any  quantity  of  red  ants  in  three  times  Uiei  ^ 

*  Tannin  if  t  peeuluir  tobttmoe  to  be  deioribed  heretftcfr. 
t  Derhred  from  Uie  Latin  word/»miica,  tn  tnt 
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wri^  of  water.   Distil  the  infusion  from  a  silver  vessel,  Cma>.II. 
m  fang  as  any  liquid  comes  over,  free  from  a  burnt  smclL  ^ 

Saturate  the  Uquid  obtained  with  carbonate  of  potash,  and 
evaporate  to  dryness.  Mix  the  dried  mass  with  sulphuric 
acia  diluted  with  half  its  weight  of  water,  sufficient  to  sa- 
tnrate  the  potash.  Now  distil  to  dryness.  The  liquid  ob- 
tttned,  after  being  subjected  to  a  second  distillation  to 
aqMurate  adhering  sulphuric  acid,  is  pure  formic  acid. 

IL  That  an  acid  liquor  could  be  obtained  from  the  red  lu  diieo- 
iDt  was  noticed  as  early  as  the  year  1671.   Very  little,  ^"7* 
iiowever,  was  known  respecting  its  nature,  before  Margrnff 
published  a  dissertation  upon  it  in  1749.  This  chemist  may, 
therefore,  be  considered  as  the  discoverer  of  formic  acid* 

III.  Formic  acid  is  a  liquid,  possessing  a  sharp  sour  lu  proper- 
taste.  It  is  not  capable  of  crystallizing,  even  when  subject-  ^^' 

cd  to  artificial  cold.    Its  combinations  widi  salifiable  bases 

are  called  formates.  In  specific  gravity,  it  is  a  little  more  Spee.  gra?. 

than  one*tenth  heavier  than  water.  ^'^^' 

IV.  According  to  an  analysis,  performed  by  Berzelius,  lu  oompo- 
given  in  proportional  numbers,  which  best  accord  with  the  ''^^* 
atomic  theory,  formic  acid  is  composed  of 

Carbon         12*01— -two  atoms,  very  nearly. 

Hydrogen      1*05-— one  atom,  nearly. 

Oxygen        24*00— three  atoms. 
Supposing  this  acid  to  contain  exactly  the  number  of  atoms, 
which  appear  to  be  indicated  by  Berzelius'  analysis,  then 
the  number  representing  its  atom  would  be  37. 


SECTION  V- 

OF  OXAUC*  ACID. 

(Formerly  called  Acid  of  Sugar  ."-^Saccharine  Acid.) 

I.  Oxalic  acid  may  be  obtained  by  the  following  pro-Oxtiioadd; 
cess:  Pour  nitric  acid  upon  a  quantity  of  sugar  in  powder,  ^  <*twn- 
contained  in  a  retort,  and  expose  the  whole  to  a  moderate 
heat.  An  effervescence  immediately  takes  place,  accom- 
panied by  the  emission  of  a  large  quantity  of  deutoxide  of 
azote  (nitrous  gas)  and  carbonic  acid,  and  the  sugar  disap- 
pears. As  soon  as  the  effervescence  is  over,  as  the  liquid  in 
the  retort  cools,  a  number  of  crystals  are  found  to  form. 
These  crystals  consist  of  oxalic  acid  in  the  state  of  hydrate. 

*  DeriTed  from  the  Latin  word  oxalis,  sorrel;  beeapse  the  axaKe  acid  has  been 
^tcetedy  ready  formed,  in  a  speeies  of  sorrel,  oalled  ozalis  aeelOKUa. 


2SSI  ^*"** 


Bmkl    This  acid  was  discovered  by  Bergman  and  Schecie.  A 
iw^tifaw  P-  nmnbcr  of  substances  yield  it  besides  sugar*   It  may  be 
formed  by  the  action  of  nitric  acid  upon  gum,  aicohol, 
honey,  and  a  great  variety  of  animal  and  vegetable  snth 
stances, 
lu  proper.      IL  Oxalic  acid,  obtained  by  the  process  just  given,  is  in 
^*'  the  form  of  transparent  crystals,  possessing  a  fine  white  o 

lour  and  considerable  lustre.  They  have  an  acid  taste,  and 
redden  all  vegetable  blues  except  indigo.  When  cautiously 
exposed  to  heat,  in  a  sand  bath,  they  lose  their  water  w 
crystallization,  and  fall  to  powder.  When  in  the  form  of 
crystals,  the  acid  is  not  altered  by  exposure  to  air;  hot 
when  subjected  to  a  considerable  heat,  it  emita  a  smoke, 
which  affects  disagreeably  the  nose  and  eyes,  and  becomes 
partially  decomposed.  When  taken  into  the  stomach,  'm 
considerable  quantities,  it  acts  as  an  energetic  poison*  la 
the  amount  of  an  ounce,  it  proves  almost  immediately  fiMal. 
III.  Crystallized  oxalic  acid  is  soluble  in  twice  its  weight 
of  water,  at  the  temperature  of  65*7*,  and  in  its  own  weight 
of  boiling  water.  The  solution,  when  concentrated,  has  a 
very  acrid  taste;  but  when  sufficiently  diluted,  it  becomes 
agreeably  sour.  Oxalic  acid  dissolves  in  h}  drochioric  (mu- 
riatic) acid  without  decomposition.  It  is  partly  decomposed 
by  sulphuric  acid  when  assisted  by  heat,  and  a  portion  of 
charcoal  formed.  It  is  totally  decomposed  by  nitric  add, 
being  converted  into  water  and  carbonic  acid. 
Prodaeuof  IV.  The  combinations  of  oxalic  acid  with  salifiable  bases 
iu  ^f-cora-  are  called  oxalates.  When  these  salts,  in  a  dry  state,  are 
^t^  ^  exposed  to  a  red  heat,  their  acid  becomes  totally  decom- 
posed, and  its  constituents  recombine  so  as  to  form  five 
new  substances;  namely,  water,  carbonic  acid,  carbonic 
oxide,  bihydroguret  of  carbon  (carburetted  hydrogen)  and 
charcoal.  Hence  its  constituents  are  carbon,  hydrogen,  and 
oxygen. 
itt  compo-  ^'  According  to  an  analysis,  performed  by  Gay-Lnssac 
sition.  and  Thenard,  calculated  in  proportional  numbers,  which 
best  accord  with  the  atomic  theory,  oxalic  acid  is  com- 
posed of 

Carbon  1205— two  atoms,  very  nearly. 

Hydrogen        1  •20— one  atom,  nearly. 
Oxygen  320— four  atoms* 

Supposing  this  acid  to  contain  exactly  the  number  of  atoms, 
which  appear  to  be  indicated  by  the  above  analysis,  then 
the  number  representing  its  atom  would  be  45. 


I 


SORBiC  Mm.  352. 

Omit.  IL 

SECTION  VL 

OP  SORBIC*  ACID. 

LSoRBic  ACID  was  discovei^,  in  1815,  by  Donovan,  Sorbie Mid; 
in  the  expressed  juice  of  the  berries  of  the  mountain  ash  ^  ^**^^ 
{pjTUB  aucuparia).  Its  peculiar  nature  has  since  been  amply  ^ 
confirmed  by  Vauquelin  and  Braconnot* 

IL  The  oudine  of  Donovan's  process  for  obtaining  this  Preptra- 
acid  is  to  saturate  the  expressed  juice  of  the  berries  with^*^* 
acetate  of  lead  (sugar  of  lead),  whereby  a  sorbate  of  lead 
becomes  formed.  This  sorbate  is  then  partially  decompos- 
ed by  sulphuric  acid,  and  the  lead,  contained  in  the  resulting 
SDpersorbate,  is  thrown  down  by  means  of  a  current  of  hy- 
drosulphuric  acid  (sulphuretted  hydrogen). 

III.  Sorbic  acid,  when  first  obtained,  is  a  liquid,  colour-  lu  proper- 
less  and  inodorous,  and  possessing  an  intensely  sour  taste.  ^^** 
When  evaporated  to  the  consistence  of  a  syrup,  it  forms  a 

mass  of  a  crystalline  structure,  which  still  contains  a  con- 
siderable quantity  of  water,  and  deliquesces  in  a  moist 
atmosphere.  With  acetate  of  lead,  it  gives  a  precipitate, 
white  and  flocculrnt  at  first,  but  afterwards  becoming  of  a 
crystalline  appearance*  By  the  action  of  nitric  acid,  it  is 
converted  into  oxalic  acid;  from  which  circumstance  Vau- 
quelin  concludes,  that  it  bears  considerable  analog)'  to  malic 
acid.  This  chemist  also  suggests  that  sorbic  acid,  being  co- 
lourless and  inodorous  and  possessing  an  agreeable  taste, 
might  be  employed,  in  medicine  and  the  arts,  as  a  substitute 
for  tartaric  and  citric  acids. 

IV.  According  to  an  analysis  performed  by  Vauquelin,  Composi 
reduced  to  numbers,  which  best  accord  with  the  atomic  ^'°"* 
theory,  sorbic  acid  is  composed  of 

Carbon  11*76 — two  atoms,  nearly. 

Hydrogen        7*00— seven  atoms. 

Oxygen         22*89 — three  atoms,  most  nearly. 
Supposing  this  acid  to  contain  exactly  two  atoms  of  carbon, 
^d  three  atoms  of  oxygen,  then  the  number  representing 
its  atom  would  be  43.f 


*  From  sorbut,  the  old  generic  Dane  of  the  plant  from  whieh  thii  add  ia  ob- 
taiiied. 

t  The  greater  part  of  the  facts,  contained  in  this  aection,  are  taken  from 
tracts  of  the  pai>era  of  Vauquelin  and  Braconnot,  contained  in  the  Annals  of 
JtttkMophT,  Vol.  XIL  (Oct.  1818.)  p.  «0.  et  eeq. 
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SECTION  VII. 

OF  SUCCIKIG*  ACID. 
ComnuMi  nuae.  Salt  rfAwdter, 

Sueeinie  I«  Succivic  ACID  may  be  obtained  by  the  Following 

Acid;  how    process:  Fill  a  glass  retort,  half  full,  with  a  mixture  of  am- 
^  ber  reduced  to  powder,  and  fine  sand.  The  object  of  the 

sand  is  to  prevent  the  amber  from  running  into  a  mats, 
when  exposed  to  heat.  Distil  the  mixture,  in  a  sand  bath,  at 
a  heat  gradually  increased.  A  substance  sublimes  in  the 
neck  of  the  retort.  This  substance  is  succinic  acid,  rendered 
impure  by  an  oily  substance,  called  oil  of  amber,  which  ii 
also  a  product  of  the  distillation.  The  acid  may  be  obtained 
pure  by  dissolving  the  sublimate  in  water,  filtering  the  so- 
lution  formed,  and  setting  it  aside  for  spontaneous  evapo- 
ration.   Crystals  will  form  in  the  solution,  which  consist  of 
succinic  acid. 
Farnithed       II*  Amber  is  the  only  substance,  which  is  known  to  yield 
by  amber    succinic  acid.  It  is  a  brown,  transparent,  inflammable  body, 
^'  susceptible  of  polish,  found  at  some  depth  in  the  earth,  and 

on  the  aea  coasts  of  several  countries.  It  had  long  been  known 
that  a  volatile  substance  could  be  obtained  from  it  by  £s- 
tillation;  but  it  was  Boyle,  who  first  remarked  that  this  sub- 
stance had  acid  properties.  Its  chemical  nature,  however, 
was  first  ascertained  experimentally  by  Pott. 
PropeKies       HI-  Succinic  acid,  when  obtained  by  the  process  jost 
of  tuocinie   given,  is  in  the  form  of  transparent,  white,  shining  crystals, 
'"  '  possessing  an  acid  taste.   It  is  capable  of  reddening  some 

vegetable  blues.  It  does  not  possess  corrosive  properties* 
At  the  heat  of  a  sand  bath,  it  melts  and  sublimes,  but  not 
without  suffering  a  partial  decomposition.  It  is  soluble  in 
either  sulphuric  or  nitric  acid,  without  decomposition.  Hy- 
drochloric (muriatic)  acid,  when  cold,  has  very  little  effect 
upon  it.  It  dissolves  in  96  times  its  weight  of  water  at  the 
temperature  of  50^,  and  in  twice  its  weight  of  boiling  water. 
Its  combinations  with  salifiable  bases  are  called  succinates* 
lis  eompo-  IV.  According  to  an  analysis,  performed  by  Berzelius, 
aition.  given  in  numbers,  which  best  accord  with  the  atomic  theory, 
succinic  acid  is  composed  of 

Carbon  24*0— -four  atoms. 

Hydrogen  2*2— >two  atoms,  nearly. 

Oxygen  24-O^three  atoms. 


*  DeriTed  Crom  the  Latia  word  tuccinum^  amber. 
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Supposing  there  existed,  in  this  acid,  hydrogen  exactly  Cbav.  h. 
equiwdcDt  to  two  atoms,  then  the  number  representing  an 
atom  of  succinic  acid  would  be  50. 

V.  Succinic  acid  is  never  used  in  medicine,  but  oil  of 
amber  is  sometimes  employed  as  an  antispasmodic. 


SECTION  VIII. 

OP  ACETIC^  ACID. 
(Radieal  Tinegar.) 

L  Acetic  acid  may  be  obtained  by  distilling  acetate  of  Aeetioteid; 
copper  (verdigris)  at  a  heat,  gradually  increased  to  the  ^J^  ®**^'"" 
pant  ol'  redness.  A  liquid  is  dnven  over  into  the  receiver, 
which  has  a  greenish  tinge,  owing  to  the  presence  of  copper. 
Bjr  a  re-distiUation,  the  copper  is  separated,  and  a  colour- 
kis  liquid  obtained,  which  constitutes  a  very  concentrated 
solution  of  acetic  acid. 

IL  It  may  be  obtained,  in  the  form  of  crystals,  by  distil- 
fiag  a  mixture  of  three  parts  of  acetate  of  potash,  and  four 
parts  of  sulphuric  acid.  A  liquid  is  driven  over  into  the 
icceiver^  which  is  a  very  concentrated  solution  of  acetic 
add,  mixed  with  a  portion  of  sulphuric  acid.  To  separate 
the  latter  acid,  distil  the  liquid,  off  acetate  of  barytes:  the 
sulphuric  acid  is  retained,  and  the  liquid,  which  comes  over, 
forms  crystals  of  pure  acetic  acid. 

III.  Acetic  acid  constitutes  the  basis  of  the  well  known  It  ■•  the 
liquid  called  vinegar.   In  vinegar,  however,   it  is  '^i^'gcly  J[^^  ^'' 
£luted  with  water,  and  mixed  with  bitartrate  of  potash 
(tartar),  a  portion  of  alcohol,  several  vegetable  acids,  colour- 
bg  matter  and  a  portion  of  mucilage.  Vinegar  is  made  by 
exposing  wine,  beer,  or  similar  liquids  to  the  contact  of  the 
atmosphere,  at  a  temperature  at  least  as  high  as  80^,  mixed 
with  some  substance  to  act  as  a  ferment.  When  vinegar  is 
distilled,  it  loses  many  of  its  impurities,  and  takes  the 
name  of  distilled  vinegar,  or  acetous  acid.  Vinegar,  when 
thus  altered,  was  formerly  supposed  to  contain  an  acid,  dif- 
fering from  the  acetic  acid,  in  containing  less  oxygen;  and 
Kence  it  got  the  name  of  acetous  acid.  But  it  has  been  as- 
certained that  there  is  no  other  difference,  between  acetous 
and  acetic  acid,  than  in  the  quantity  of  water  which  they  con- 
tain; the  acetous  acid  being,  in  fact,  acetic  acid,  diluted  to 
a  certain  extent.  Properly  speaking,  therefore,  acetous  acid 

*  Bcthrod  firaa  acettrnt^  the  Latiii  word  lignif jing  TJoegtr. 
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Book  I.    does  Bot  exist.  As  vinegar  is  a  veiy  important  lubitaiice, 

DivUk»  IL  i|Q(h  in  the  arts  and  in  medicine,  it  may  be  proper  to  notice 

its  manufacture  and  properties. 
Boer-  1*  Boerhaave  gives  the  following  method  for  making  wine 

huve'sme-  vinegar:  Prepare  two  large  oaken  hogsheads,  with  a  wooden 
making^Ti-  S^ate,  fastened  at  about  one  foot  from  their  bottoms.  Set  the 
neptf.        hogsheads  upright,  and  after  having  placed  a  moderately 
close  layer  of  green  twigs  or  cutungs  of  vine  upon  the 
grates,  fill  them  up  to  the  top  with  the  foot  stalks  of  grapes. 
The  wine,  to  be  converted  into  vinegrar,  is  now  poured  into 
the  hogsheads,  so  as  to  fill  one  of  them  to  tht.  top,  and  the 
other  half  full.  They  are  left  in  this  state  for  twenty-four 
hours;  at  the  end  of  which  time,  the  half  full  hogshead  is 
filled  to  the  brim,  from  the  full  hogshead.  This  operation 
is  repeated  every  twenty-four  hours,  so  as  to  keep  the  hogs- 
heads alternately  full  and  half  full,  for  fifteen  dacyn  in  sum- 
mer, but  for  a  longer  time  in  winter.  This  mode  of  proceed- 
ing has  the  effect  of  suspending  the  fermentation,  in  one  of 
the  hogsheads,  every  other  day;  as  this  process  goes  on  in 
the  half  full  hogshead  only.  If  the  fermentation  waa  not  m 
this  way  suspended,  it  would  proceed  too  rapidly,  and  the 
spirituous  part  of  the  vinegar,  be  dissipated. 
Sabstanecs      2*  Besides  wine,  the  infusion  of  malt,  cyder,  mohsaes, 
which  yield  the  refuse  of  raisins,  and  several  other  substances  may  be 
^^^^'      employed  to  produce  vinegar.    The  fermentation,  by  whidi 
liquids  are  converted  into  vinegar,  is  called  the  acetous.  It 
is  not  easy  to  discover  exacdy  what  chemical  operauons 
are  going  on  in  the  process.  It  appears  certain,  however, 
that  the  presence  of  mucilage  is  absolutely  necessary,  and 
that  oxygen  is  absorbed  from  the  air. 
Properties       3.  Vinegar  is  a  liquid  of  a  reddish  or  yellowish  colour, 
of  vinegar,  having  an  agreeable   odour  and  pleasant  sour  taste.  It  is 
very  liable  to  decomposition;  but  by  being  boiled  for  some 
time,  this  liability  is  removed.  It  is  very  litde  heavier  than 
water. 

Propertici  IV.  Acetic  acid,  obtained  by  the  first  process  given  in 
•cid**^^*  the  beginning  of  the  present  section,  is  in  the  form  of  a 
liquid,  of  an  extremely  pungent  and  acrid  taste.  It  is  very 
volatile,  and,  when  heated  in  the  open  air,  takes  fire  rea- 
dily. It  acts  with  considerable  energy  upon  animal  sub- 
stances. When  applied  to  the  skin,  it  reddens  and  corrodes 
this  membrane  in  a  very  short  time.  It  combines  with 
water  in  every  proportion,  and  the  union  is  attended  by  the 
evolution  of  a  good  deal  of  heat.  Its  specific  gravity  varies 
with  the  quantity  of  water  which  it  may  contain.  It  is  1  -08 
or  a  maximum,  when  the  acid  contains  somewhat  more 
than  half  its  weight  of  water,  and  it  diminishes  if  the  acid 
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coodun  more  or  less  than  this  quantity.  When  the  acid  is  Cbav.ii. 
passed  through  a  red-hot  porcelain  tube,  it  is  partially  de-  ' 

composed;  and  if  the  tube  be  filled  with  charcoal,  it  is  com- 
pletely resolved  into  its  constituents.  Its  combinations  with 
lalifiahle  bases  are  called  acetates.  These  salts,  when  dis-  Iti  ■alu 
tilled  with  certain  precautions,  yield  a  peculiar  inflammable  i^^^^* 
liquid,  which  has  been  called  pyro-acetic  spirit.  This  liquid  diitillmL 
will  be  noticed  in  the  following  paragraphs. 

1.  Pyro-acetic  spirit  may  be  obuined  by  distilling  an  PyrcMweUs 
acetate,  at  a  heat  always  kept  as  low  as  possible.  It  is  ex-  ^^^^^^^ 
icdy  the  same,  whatever  acetate  may  be  employed.  Dif- 
ferent acetates,  however,  yield  it  in  different  quantities. 

Those  acetates,  whose  bases  are  least  easily  deoxidized, 
yield  the  most.  The  acetates  of  soda  and  of  potash  yield  a 
considerable  portion  of  the  spirit,  and  the  acetate  of  barytes 
produces  the  spirit  entirely,  and  no  acetic  acid.  The  pyro- 
acetic  spirit  was  discovered  by  Chenevix. 

2.  Pyro-acetic  spirit  is  in  the  form  of  a  white  limpid  Its  proper- 
liquid.  Its  taste  is  at  first  acrid  and  hot,  but  afterwards  it  ^^' 
becomes  cooling,  and,  in  some  sort,  urinous.  Its  smell  is 
peculiar,  and  may  be  compared  with  that  which  would  be 
produced  by  a  mixture  of  oil  of  peppermint  and  bitter  al- 
monds. It  is  somewhat  more  than  three  fourths  as  heavy  Spee.  grt?. 
as  water.  Its  boiling  point  is  at  the  temperature  of  165^.      ^^^' 

It  is  inflammable,  and  burns  with  a  flame,  white  exteriorly, 
but  of  a  fine  blue  colour  within,  leaving  no  residue. 

3.  Pyro-acetic  spirit  combines  with  water,  alcohol,  or  the  Action  of 
volatile  oils  in  any  proportion.  It  dissolves  a  small  portion  jJ^^^J^nco 
of  phosphorus  or  sulphur,  and  is  an  excellent  solvent  of  upon  it. 
camphor.  It  dissolves  potash  also,  and  forms  a  dark  co- 
loured liquid,  from  which  the  spirit  may  be  separated  by 
distillation  unaltered.  It  is  decomposed  by  sulphuric  acid, 
which  developes  charcoal.  It  is  altered  in  its  properties  by 

Bitric  acid,  and  its  colour  changed  to  yellow.  It  is  rendered 
brown  by  hydrochloric  (muriatic)  acid,  and  by  distillation 
m^  be  made  to  combine  with  this  acid,  forming  a  very 
different  compound  from  hydrochloric  ether.  The  exact 
composition  of  the  pyro-acetic  spirit  is  not  known.— The 
consideration  of  the  acetic  acid  will  now  be  resumed. 

V.  According  to  an  analysis,  performed  by  Berzelius,  Composl- 
reduced  to  numbers,  which  best  accord  with  the  atomic  !l**l  "/,*"•" 
theory,  acetic  acid  is  composed  of 

Carbon  24*0— four  atoms. 

Hydrogen  S*2— three  atoms,  nearly. 

Oxygen  24*0 — three  atoms. 

Supposing  this  acid  actuallv  composed  of  the  number  of 

'2.K 
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BookL  atoms,  which  appear  to  be  indicated  by  the  above  analyiis, 
DivUion  II.  ^,>p  the  number  representing  its  atom  would  be  51. 
lu  uiet  in       VI»  Acetic  acid  has  several  uses  in  medicine.  In  a  dilate 
medieJDe.    gtate,  Containing  certain  foreign  substances,  in  the  form  oi 
vinegar,  it  is  used  in  scurvy,  and  for  the  purpose  of  coun- 
teracting the  effects  of  narcotic  poisons.   In  the  form  of 
vinegar  also,  when  miaed  with  water,  it  famishes  a  vciy 

E roper  drink  in  inflammatory  fevers,  and  its  vapour  nuqr 
c  inhaled  with  advantage  in  sore  throat*  Externally  appli- 
ed, it  forms  a  very  useful  fomentation  or  bath. 

Several  medicines  are  infused  in  vinegpur,  which  infusioos 
constitute  what  are  called  medicated  vinegars.  Of  this  class 
of  remedies,  there  are  the  following  officinal  preparatioDii 
namely,  aromauc  vinegar  or  the  vinegar  of  four  thieve^;  it 
contains,  infused,  several  aromatic  vegetables,  and  formefly 
possessed  considerable  celebrity  as  a  preventive  of  the 
plague.  Also  vinegar  of  colchicum  or  meadow-«aAt», 
vinegar  of  squills,  and  camphorated  vinegar.  The  three 
last  mentioned  medicated  vinegars  contain  proof  sjpirh  also. 
Acetic  acid,  in  its  pure  state,  is  a  pretty  powernil  •dma- 
lant  and  rubefacient.  In  this  state,  it  is  employed  in  faint- 
ing, hysteria,  headache  and  similar  affections.  The  manocr 
of  using  it,  is  to  snuff  it  up  the  nostrils. 


Tartaric 
aeul;  how 
obtained. 
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OF  TARTARIC*  ACID. 


I.  Tartaric  acid  may  be  obtained  by  the  following  pro- 
cess: Dissolve  bitartrate  of  potash  (tartar)  in  boiling  water* 
and  add  to  the  solution  formed,  carbonate  of  lime  (chalk) 
in  powder,  as  long  as  any  effervescence  should  occur,  or 
the  solution  redden  vegetable  blues.  The  lime  of  the  car- 
bonate combines  with  the  excess  of  acid  in  the  bitartrate, 
so  as  to  form  tartrate  of  lime  which  is  insoluble,  while  its 
carbonic  acid  is  set  free,  and  causes  the  effervescence  above 
alluded  to.  After  the  chemical  action  is  over,  the  resulting 
substances  are  tartrate  of  lime  and  neutral  tartrate  of  potash* 
Separate  the  tartrate  of  lime  by  the  filter,  and  pour  upon  it 
as  much  diluted  sulphuric  acid,  as  had  at  first  been  em- 
ployed of  carbonate  of  lime,  and  let  the  mixture  stand  for 
twenty-four  hours,  stirring  it  occasionally.  The  sulphuric 
acid  decomposes  the  tartrate,  and  combines  with  its  base, 


*  Prom  tarUr  the  name  of  the  tubitMioe,  from  wUeh  the  Mid  U  obCiriacd. 
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SO  as  to  form  insoluble  sulphate  of  lime,  which  falls  to  the  Cbm^IL 
bottom  of  the  vessel,  while  the  tartaric  acid  remains  in  solu-     '' 
tioo.  Decant  the  solution  of  tartaric  acid,  and  evaporate  it 
slowly.  Crystals  ^ill  be  deposited  which  consist  of  tartaric 
acid  in  a  state  of  hydrate. 

II.  Tartaric  acid  exists  ready  formed,  in  combination  Soaraet  in 
with  potash,  in  the  lees  of  wine,  and  in  the  substance  ^^^^T^^ 
which  is  found  incrusted  upon  the  bottom  and  sides  ofiudltoo* 
wine  casks.   This  substance  is  called  tartar.  It  had  been.^^T- 
proved  by  Duhamel,  Margraff  and  RoueUci  that  tartar  is 
composed  of  an  acid  united  to  potash;  but  the  nature  of  the 

acid  was  altogether  unknown.  In  1770,  Scheele  succeeded 
in  obtaining  the  acid  of  tartar  in  a  separate  state,  and 
described  many  of  its  properties.  It  is  this  acid,  under  the 
name  of  tartaric  acid,  which  furnishes  the  subject  of  the 
present  section. 

III.  Tartaric  acid  is  in  the  form  of  crystals,  white,  firm,  Propertiet 
and  but  imperfecdy  transparent.  Its  taste  is  exceedingly  ^[^^^''^'^ 
sour.   It  is  not  altered  by  exposure  to  air.    It  is  somewhat  3    '  ^^^^ 
moTQ  than  one  and  a  half  times  as  heavy  as  water.  When     1-59. 
exposed  to  a  heat,  a  few  degrees  above  the  boiling  point,  it 

melts  into  a  limpid,  transparent  liquid,  like  water.  At  die 
temperature  of  25C^,  it  boils  without  losing  its  transparency. 
On  cooling,  it  concretes  into  a  hard  semi-transparent  mass, 
having  considerable  resemblance  to  sugar,  which  has  been 
exposed  to  the  same  temperature.  By  this  exposure  to  heat, 
the  acid  is  altered  in  its  properties,  for  it  now  deliquesces 
in  the  atmosphere.  It  dissolves  in  water.  When  the  solution 
is  very  dilute,  the  acid  suffers  decomposition.  It  combines 
with  tne  greater  number  of  the  salifialble  bases  in  two  pro- 
portions. Its  salts  are  called  tartrates.  When  these  salts  are 
distilled  at  a  sufficiendy  strong  heat,  the  acid  is  decompos- 
ed, so  as  to  form  water,  carbonic  acid,bihydroguret  of  car- 
boo  (carburetted  hydrogen),  oil  and  charcoaL  Hence,  it  is 
evident  that  its  constituents  are  carbon,  hydrogen  and 
oxygen. 

I V.  According  to  an  analysis,  performed  by  Berzelius,  Comimi- 
calculated  in  proportional  numbers,  which  best  agree  with  [^^^' 
the  atomic  theory,  tartaric  acid  is  composed  of 

Carbon  24*1— -four  atoms,  nearly. 

Hydrogen  2*6— 

Oxygen  40*0— five  atoms. 

Supposing  this  acid  to  contain  three  atoms  of  hydrogen, 
and  exactly  four  atoms  of  carbon,  then  the  number  repre- 
senting its  atom  would  be  67. 

V.  Tartaric  acid,  in  its  pure  state,  is  not  an  article  of  the 
materia  medica;  but  combined  with  certain  salifiable  bases, 
it  forms  some  very  important  saline  medicines,  to  be  de- 
scribed hereafter. 
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SECTION  X. 

OF  BENZOIC*  ACID. 
(Fomerij  ealled»  Fhwen  uf  Benxaku-^Sak  ^f  Benimn.} 


I.  BsMZOic  ACID  may  be  obtained  by  digesting  benzoim 
obudnlSL    ^  sulphuric  acid.   A  crystallized  substance  is  sublimed, 

which  is  benzoic  acid. 

II.  Benzoin  is  the  product  of  a  tree,  which  grows  in  the 
island  of  Sumatra,  called  by  the  botanists,  styrax  benzoe.  It 
is  not,  however,  the  only  substance  which  yields  benzoic 
acid.  Several  other  substances,  both  animal  and  vegetabk| 
have  been  found  to  fumiah  it  also. 

I^*^^-  III.  Benzoic  acid  is  a  fine  light  white  powder,  possessing 
a  kind  of  ductility.  Its  taste  is  sweet,  hot,  and  somewhat 
bitter.  As  usually  prepared,  it  possesses  a  slight  odour, 
which  is  peculiar  and  aromatic,  and  which  it  owes  to  the 
presence  of  a  little  aromatic  oil;  but,  when  perfectly  porCi 
It  has  no  smell.  It  suffers  no  alteration  by  exposure  \m  m* 
It  changes  some  vegetable  blues  to  a  red  colour.  It  £s- 
solves  in  900  parts  of  cold  water,  and  in  20|  parts  of  boit 
tng  water.  It  dissolves  in  sulphuric,  sulphurous  and  nitric 
acids  without  alteration;  and  when  water  is  added  to  die 
solutions,  the  benzoic  acid  separates  and  coagulates  on  die 
surface.  It  is  not  dissolved,  however,  by  chlorine,  hydro- 
chloric acid  or  phosphoric  acid.  Its  combinations  with 
salifiable  bases  are  called  benzoates. 
Compoti-  IV.  According  to  an  analysis  by  Berzelius,  reduced  to 
^ioB-  numbers,  which  best  accord  with  the  atomic  theory,  benzoic 

acid  is  composed  of 

Carbon  29— five  atoms,  nearly. 

Hydrogen  2— two  atoms. 

Oxygen  8— one  atom. 

If  this  acid  contained  exactly  five  atoms  of  carbon,  then  the^ 
number  representing  its  atom  would  be  40. 
AMkal  V.  At  the  present  day,  benzoic  acid  is  seldom  prescribed^ 

alone  in  medicine.  It  is,  however,  an  ingredient  in  the  pa- 
regoric elixirs  of  the  British  colleges.  There  is  no  reason 
to  believe  that  the  acid,  by  its  presence  in  these  prepara- 
tions, adds  much  to  their  efiicacy;  but,  having  an  agreeable 
taste  and  smell,  it  renders  them  less  unpleasant  for  exhibi- 
tion. 


met. 


*  DeriTed  from  benzoin,  a  kind  of  resin  brought  from  the  East  lodki^finDn 
which  sabsUnoe  the  acid  was  first  obtained. 
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SECTION  XL 

OF  SACLACTIC*  ACID. 

L  Saclactic  acid  may  be  obtained  by  the  following  Suitetk 
process:  Pour  two  parts  of  nitric  acid  upon  one  part  <^f  ^|^^|^ 
gum  arable,  or  other  similar  gum,  contained  in  a  retort^ 
9&d  expose  the  mixture  to  a  gentle  heat,  until  some  deu- 
toxide  of  azote  (nitrous  gas)  and  carbonic  acid  come  over. 
The  mixture^  upon  cooling,  deposites  a  powder,  which  may 
be  separated  by  the  filter.  This  powder  is  saclactic  acid^ 
Tendered  impure  by  admixture  of  a  portion  of  oxalate  of 
lime^  and  a  compound  of  gum  and  lime*  The  oxalate  of 
lime  may  be  separated  by  digesting  the  powder  in  diluted 
nitric  acid;  and  the  compound  of  gum  and  lime,  by  treating 
it  with  hot  water,  which  takes  up  the  acid  alone.  The  hot 
solution  thus  obtained,  upon  cooUng,  deposites  saclactic 
scid  in  the  form  of  crj'stals. 

IL  Saclactic  acid  may  be  prepared  from  sugar  of  milk.f 
When  this  substance  is  employed  for  its  preparation,  it  is 
obtained  pure,  at  once,  by  the  action  of  nitric  acid*  Saclac- 
tic acid  was  discovered,  in  1780,  by  Scheele. 

Ill*  Saclactic  acid  is  a  white,  gritty  powder,  possessing  lu  proper- 
a  slightty  sour  taste.  It  is  soluble  in  60  parts  of  boiling  ti«s< 
water*  The  hot  solution,  as  it  cools,  lets  fall  the  acid  in  the 
form  of  cry  stals.  When  in  solution,  it  reddens  the  infusion 
of  tumsoL  When  exposed  to  heat,  it  suffers  decomposition. 
When  distilled,  the  products  are  an  acid  liquor,  a  red-co- 
loured acrid  oil,  carbonic  acid  gas,  bihydroguret  of  carbon, 
and  a  large  proportion  of  charcoal.  Its  combinations  with 
salifiable  bases  are  called  saclactates. 

IV.  According  to  an  analysis  by  Berzelius,  calculated  in  Compon- 
numbers,  which  best  agree  with  the  atomic  theory,  this^^"* 
acid  is  composed  of 

Carbon  34*8— six  atoms,  most  nearly. 

Hydrogen  5*3-^five  atoms,  nearly. 

Oxygen  64K>— eight  atoms* 

Supposing  this  acid  to  contain  exactly  six  atoms  of  carbon 
and  five  atoms  of  hydrogen,  then  the  number  representing 
its  atom  would  be  105. 


*  AUireinatedof  the  twoLatio  wordi,  taccharunt^  raffar,  and  hu,  milk;  be- 
ctnse  the  acid  was  fint  obtained  from  the  tabstanoe  called  sugar  of  milk. 

f  Soear  of  milk  ii  a  peealiar  white  erystalUzed  rabstanee,  obtained  from  the 
^Wf  i  milky  to  be  deteribed  hereafter. 
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^"^"^  SECTION  XII. 

OP  CITBIC*  AdD. 
CiytiaffiiMl  GSfrie  .Joil  or  tlM  Doblh  CdDegc. 

Citrie  Mkt;  I,  Citric  acid  may  be  obtained  by  aaturatiag  boiKog 
^^^■"  lemon  juice  with  carbonate  of  lime  (chalk)  in  powdcn  the 
carbonate  becomes  decomposed,  its  acid  flies  off  in  the  mte 
of  gas,  while  its  base  combines  with  the  pure  acid  of  die 
lemon  juice,  so  as  to  form  the  compound  called  dtnte  of 
lime.  Separate  the  citrate  of  lime  by  tbt  filter^  and,  sfter 
having  washed  it  well,  add  to  it  sulphuric  acid  diluted 
with  six  times  its  weight  of  water,  in  sufficient  amount  to 
separate  all  the  lime.  Boil  the  mixture,  thus  formed,  fors 
few  minutes,  and  then  separate  the  insoluble  powder,  niiidi 
will  be  formed,  and  which  consists  of  sulphate  of  lime.  The 
remaining  liquid  is  now  a  solution  of  citric  acid.  By  eva- 
porating it  to  the  consistence  of  a  syrup,  and  setting  it 
aside  to  cool,  thp  acid  will  be  deposited  in  the  fbm  of 
crystals. 

II.  Citric  acid  exists  most  abundantly  in  the  juice  of 
oranges  and  lemons;  but  it  is  present  in  the  juices  of  nunf 
other  vegetable  substances.  It  was  first  obtained  in  a  pare 
state,  and  described  accurately,  by  Scheele. 
Its  proper*     IIL  Citric  acid,  in  the  form  of  crystals,  has  an  intensely 
^^"'  sour  taste,  which  becomes  pleasant,  when  it  is  sufficiendf 

diluted  with  water.  It  is  not  altered  by  exposure  to  air.  It 
is  exceedingly  solublie  in  water.  It  dissolves  in  three-fourths 
of  its  weight  of  cold  water,  and  in  half  its  weight  of  this 
liquid  at  the  boiling  temperature.  The  solution  may  be 
kept  for  a  long  time,  in  close  vessels;  but  at  last  it  putrefies 
and  the  acid  is  decomposed.  When  the  acid  is  subjected  to 
the  action  of  concentrated  sulphuric  acid,  it  is  converted 
into  acetic  acid.  By  nitric  acid,  it  is  changed  into  oxalic 
acid;  but,  to  produce  this  change,  care  must  be  taken  not 
to  use  too  large  a  quantity  of  nitric  acid,  otherwise  acetic 
acid  would  be  formed.  When  exposed  to  the  open  fire,  it 
first  melts,  then  swells  and  exhales  an  acrid  vapour,  and  a 
quantity  of  charcoal  is  left  behind.  When  distilled,  in  close 
vessels,  it  evaporates,  partly  unaltered,  and  partly  decom- 
posed into  acetic  and  carbonic  acids  and  bihydroguret  of 
carbon  (carburetted  hydrogen),  and  a  portion  of  charcoal  is 
left  behind.  Its  combinations  with  salifiable  bases  are  called 
citrates. 


*  From  a'trw,  the  Latin  name  for  the  orange  tree. 
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IV.  According  to  an  anal^Vis  by  Berzelins,  calculated   CukP.ir. 
in  nuanbers,  which  best  accord  with  the  atomic  theory,  Composi- 
citric  acid  is  composed  of  tion. 

Carbon  42«3«-6even  atoms,  nearly. 

Hydrogen  3*9-»four  atoms,  nearly. 

Oxygen  56'0^-seven  atoms. 

Upon  the  supposition  that  tl)is  acid  contains  exactly  the 
loaAber  of  atoms,  which  appear  to  be  indicated  by  the  above 
Mriyais,  then  the  weight  of  its  atom  would  be  102. 

V«  Citric  acid  forms  the  important  part  of  the  acidM«diett 
drinks,  made  from  the  juice  of  lemons  and  limes,  which  "*^ 
tre  ID  usefully  employed  in  inflammatory  fevers.  In  the 
fcm  of  crystals,  as  directed  to  be  prepared  by  the  Dublin 
CsBegc,  it  is  not  liable  to  spoil,  as  when  in  the  form  of 
knon  juice;  hence  it  is  the  best  preparation  of  the  acid  for 
•tdieal  employment. 

Of  the  acids,  composed  of  carbon,  hydrogen  and  oxy- 
fm,  belonging  to  the  present  class,  the  ten  already  described 
ire  the  only  ones,  which  have  been  analyzed  with  tolerable 
accuracy.  The  atomic  composition  of  these  acids  is  reca-  Table  of 

•    '       •  •       •      *  ••       •  •  •  the  MtomU 

eompoti- 
tion  of  the 
ten  ftcidt 
lul  del- 
erit>cil. 


ptulated  in  the  following  table. 


NAMRS. 

kfi^M  dp         j 

Cariton. 

Ken. 

Oiygen. 

Gallic  acid. 

2 

1 

1 

Formic  acid. 

2 

1 

3 

Oxalic  acid. 

2 

1 

4 

Sorbic  acid. 

2 

7 

3 

Succinic  acid. 

4 

2 

3 

Acetic  acid. 

4 

3 

3 

Tartaric  acid. 

4 

3 

5 

Benzoic  acid. 

5 

2 

1 

Saclactic  acid. 

6 

5 

8 

Citric  acid. 

7 

4 

7 

By  multiplying  the  atoms  of  carbon  by  6,  and  those  of 
•xygen  by  8,  the  products  will  be  the  proportional  quanti- 
ses of  these  two  constituents,  in  the  acids  above  enumera- 
M.  The  atom  of  hydrogen  being  taken  at  unity,  the  pro- 
portional quantity  of  this  constituent  is  indicated  by  the 
dumber  of  atoms  themselves. 

The  atomic  composition  of  some  of  these  acids,  as  given  VamUoitft 
fcy  Dr.  Thomson,*  has  not  been  followed  in  this  work.^"*°* 


.  *  Sortiie  acid  hai  been  placed  among  the  aeidi  of  this  eltM,  nrhote  eoniposiUon 
'*  Wvn,  nnee  the  ahove  iru  written.  Its  atomio  eoroposition  is  dedoeed  from 
>  ree«nt  analyiis  by  Vanqaelin. 
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Book  I.    The  atomic  composition  of  the  oxaUc  acid  is  deduced  from 
Ditiiion  11  ao  analysis  given  by  Gay-Lussac,  rather  ihan  from  one 
ThomMm's  made  by  Be  rzeiius,  which  cannot  be  employed  without 
cf  thrato^  creating  the  anomaly  of  a  fractional  atom  of  hydrogen,  or 
miccom-    deducing  a  disproportional  atomic  amount  for  the  other 
position  of  constituents  of  this  acid.  The  atomic  composition  of  citric 
Stele  aeidt,  ^^^^  18  given  differently  from  Dr.  Thomson;  because  the 
notiet^,      hydrogen  of  the  acid  is  given  by  this  chemist  theoretically, 
gmumrsof  ^°^  °^^  ^°  accordance  with  actual  analysis.  Dr.  Thomson 
them  ex-    gives  the  gallic  acid,  as  composed  of  six  atoms  of  carbon, 
plained,      three  atoms  of  hydrogen,  and  three  atoms  of  oxygen;  which 
composition,  if  I  understand  the  atomic  theory  right,  in 
nowise  differs  from  two  atoms  of  carbon,  one  atom  of  hy- 
drogen and  one  atom  of  oxygen,  or  Dr.  Thomson's  num- 
bers, reduced  to  their  lowest  terms.  For  a  similar  reason, 
benzoic  acid  is  given  as  a  compound  of  five  atoms  of  car- 
bon,  two  atoms  of  hydrogen,  and  one  atom  of  ozvgen, 
instead  of  Dr.  Thomson's  numbers  of  fifteen  atoms  oi  car- 
bon, six  atoms  of  hydrogen  and  three  atoms  of  oiygcn. 

By  possibility,  indeed,  two  ternary  compounds  of  the 
same  ultimate  constituents,  united  in  the  same  proportions, 
may  not  be  identical,  in  consequence  of  some  variation, 
between  them,  in  the  predisposing  binary  combinatioos  of 
their  constituents:  and,  taking  this  view  of  the  subject,  Dr. 
Thomson's  atomic  compositions  for  citric  and  benzoic 
acids  may  differ  from  those  here  adopted.  But,  however 
this  question  may  be  decided  in  the  abstract,  it  is  believed 
that  no  instance  can  be  adduced  of  two  substances,  agree- 
ing in  the  way  here  mentioned,  which  are  not  identicaJ. 

The  atomic  compositions  of  the  ten  acids,  last  described, 
have  not  been  given,  under  the  influence  of  a  belief  that 
much  dependence  can  be  placed  upon  their  accuracy;  but 
as  approximations  only,  which  may  be  received,  until  cor- 
rected by  more  exact  observations. 
Expiana-         Three  atoms  of  different  bodies  cannot  be  conceived  to 
reaiiner  ha  ^°^^^  together  as  atoms.  Two  of  them  must  first  combine 
which  the   together,  and  the  new  atom,  thus  formed,  may  then  com- 
atoniiof     bine  with  the  third.  Neither  can  an  unequal  number  of 
compoundt  atoms  of  three  different  substances  unite  together,  without 
may  com-   ^hc  supposition  bring  necessarv  of  a  previous  binary  com- 
*"^  bination.  The  atoms  of  two  of  the  substances,  after  having 

combined  together,  may  then  unite  with  the  atoms  of 
the  third:  or  the  atoms  of  any  two  of  the  substances  may 
separately  combine  with  atomic  portions  of  the  third,  and 
the  two  binarj'  compounds,  thereby  formed,  may  afterwards 
unite;  but  in  no  other  way,  in  the  case  here  supposed,  is  it 
probable  that  a  union  can  take  place  by  atoms.  Taking  this 
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view  of  the  subject,  therefore,  it  is  very  probable  that  all   Ca4?.  Q* 
the  acids  of  this  class,  except  the  two  first,  are  compounds,     '•••-■'^ 
in  different  proportions,  of  carbonic  oxide  or  carbonic  acid, 
with  the  two  hydrogureu  of  carbon,  modified  by  the  pre- 
sence of  different  portions  of  water. 

The  deacription  of  the  remaining  acids,  embraced  by  the 
fifth  class,  will  now  be  resumed. 


SECTION  XIII. 

OP  MELU  TIC*  ACID. 

I.  Mellitic  acid  may  be  obtained  by  boiling  the  mineral  Meiutio 
adled  mellite,  which  i»  composed  of  this  acid  and  alumina,  "fl*^!  ^"^ 

-.  -.        >  ,         .  •       ^     ^  .  .  .    ,         ^obtained. 

m  a  state  of  powder,  m  seventy-two  times  its  weight  of 
boiling  water.  The  mellitic  acid  dissolves  in  the  water  and 
die  alumina  separates  in  flakes.  Remove  the  alumina  by 
die  filter,  and  evaporate  the  cles^r  solution,  until  it  form 
ctyatah.  These  crystals  will  consist  qf  mellitic  acid. 

Urn  Mellitic  acid  has  heretofore  been  found  only  in  the  Exists  only 
MiBcral  called  mellite.  This  mineral  has  usually  a  honey-  *"  >n«iiitc. 
yellow  colour,  but  sometimes  a  straw-colour.  It  is  crystal- 
lized, generally  smooth  and  brilliant,  and  presents,  when 
broken,  the  glassy  fracture.  It  has  some  resemblance  to 
amber.  It  is  partly  combustible.  It  is  an  exceedingly  rare 
mineral,  having  been  heretofore  found  only  in  Thuringia 
and  Switzerland.  It  was  first  analyzed,  and  a  peculiar  acid 
fopnd  to  be  one  of  its  constituents,  by  Klaproth  in  1799. 

k|I.  Mellitic  acid,  in  the  form  of  crystals,  has  a  brownish  Its  proper* 
colour,  and  a  taste,  at  first  sweetish-sour,  but  afterwards  ^^' 
bitterish.  It  is  very  soluble  in  water.  When  exposed  to  heat, 
it  emits  abundance  of  smoke,  without  smell,  and  the  residue 
is  a  amall  quantity  of  insipid  ashes.  It  combines  MLith  some 
of  the  salifiable  bases,  and  forms  salts  called  mellates.  Its 
exact  composition  has  not  been  made  out;  but  there  is  no 
doubt  that  it  is  a  compound  of  carbon,  hydrogen  and  oxy- 


■*i- 


*  Tliii  tdd  bat  its  name  from  the  mineral  called  mellite  The  name  of  this 
nsincnl  it  deriTed  from  mel^  Latin  for  honej,  on  aecoant  of  its  honeT-ydlow  eo-- 
loor. 
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?5±i2:^  SECTION  XIV. 

OF  CAMPHORIC  ACID. 

Camphorie  I.  Cahphoric  ACID  may  be  obtained  by  diatilling  to- 
obudlni^  gether,  one  part  of  camphor^  and  eight  parts  of  nitric  acid, 
at  a  saod  heat:  a  good  deal  of  deutoxide  of  a2^te  (nitroos 
gas)  and  carbonic  acid  are  extricated.  As  soon  as  all  the 
nitric  acid  has  come  over,  the  same  quanuty,  as  firpt  em- 
ployed, is  to  be  distilled  off  the  camphor,  at  two  succesiivt 
distillations.  After  the  retort  has  become  cool,  a  number  of 
cr>^stal8  will  make  their  appearance.  These  crystals  consist 
of  camphoric  acid.  This  acid  was  discovered  by  Koaegartcn, 
in  1 785. 
lu  proper-  II.  Camphoric  acid,  in  the  form  of  crystals,  has  a  snow- 
white  colour,  a  slightly  sour,  bitter  taste,  and  a  amdl  re^ 
sembling  that  of  saffron.  It  reddens  vegetable  blues.  When 
exposed  to  the  air,  it  effloresces.  It  dissolves  in  mnety-six 
parts  of  water,  at  the  temperature  of  60P,  and  in  eleven  psrti 
of  boiling  water.  It  is  soluble  in  hydrocUoric,  sulphuric  and 
nitric  acids.  When  distilled,  it  first  melts,  and  then  Bublimes 
unaltered.  When  placed  on  ignited  coals,  it  emits  dense 
aromatic  fumes,  and  is  entirely  dissipated.  It  combines  with 
some  of  the  salifiable  bases,  and  forms  salts  called  campho- 
rates.  Its  constituents  are  carbon,  hydrogen  and -oxygen. 


tiei. 


SECTION  XV. 

OF  MALIC*  ACID. 

Malic  acid;  I*  Malic  ACID  may  be  obtained  by  the  following  pro- 
1k)v  obtain-  cess:  Saturate  the  juice  of  apples  with  carbonate  of  potash, 
^  '  and,  to  the  liquid  obtained,  add  acetate  of  lead  (sugar  of 

lead)  as  long  as  any  precipitate  should  appear:  the  preciin- 
tate  formed  will  be  a  compound  of  malic  acid  and  protoxide 
of  lead.  Separate  it  by  the  filter,  and,  after  having  washed 
it  carefully,  pour  upon  it,  diluted  sulphuric  acid,  until  the 
solution  formed  has  a  perceptibly  sour  taste:  the  added  acid 
will  combine  with  the  protoxide  of  lead,  and  precipitate  in 
the  form  of  sulphate  of  lead.  After  this  sulphate  is  removed 
by  the  filter,  the  remaining  liquid  will  be  a  solution  of  malic 
acid. 


*  From  malum,  the  l^Un  word  for  apple;  because  the  malic  acid  waa  first  ob- 
tained from  the  juice  of  this  fruit. 
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II.  Malic  acid  may  be  obtained  from  other  substances,  Cbat.  u. 
besides  the  juice  of  apples.  It  exists  in  abundance  in  the  SabttoncMT 
joice  of  the  house-leek  (sempervivum  tectorum);  in  which  ''^^  <Vir. 
plant,  it  is  combined  with  lime.  It  may  be  procured  from  ^^    '^' 
sugar,  by  distillation  with  its  own  weight  of  nitric  acid.  It 
was  discovered  in  1785  by  Scheele* 

IIL  Liquid  malic  acid  has  a  reddish-brown  colour,  and  Its  proper- 
a  very  sour  taste.  When  evaporated,  it  does  not  crystallize,^^* 
bat  becomes  thick  and  viscid,  resembling  a  syrup.  When 
ctposed  to  a  dry  atmosphere,  in  thin  layers,  it  dries  entire- 
ly, and  assumes  the  appearance  of  varnish.  It  is  very  soluble 
is  water.  When  acted  upon  by  sulphuric  acid,  it  is  charred, 
bot  by  nitric  acid,  it  is  converted  into  oxalic  acid.  When 
ratgected  to  distillation,  the  products  are  an  acid  water,  a 
litde  bihydroguret  of  carbon,  and  a  large  quantity  of  carbonic 
add.  When  heated  in  the  open  fire,  it  turns  black,  and 
emits  acrid  fumes,  and  a  voluminous  charcoal  is  left  behind. 
HcDce  it  is  evident  that  this  acid  is  a  compound  of  carbon, 
bydrogen  and  oxygen.  Its  combinations  with  salifiable  bases 
are  called  malates. 


SECTION  XVI. 

OF  LACTIC^  ACID. 

L  Lactic  acid  may  be  obtained  by  the  following  pro- Lactic  acid; 
«ss:  Evaporate  sour  whey  to  one-eighth,  and  separate  the  ^J''  o^taio- 
heesy  part  by  the  filter.  Precipitate  the  phosphate  of  lime, 
»resent  in  the  remaining  liquid,  by  means  of  lime  water, 
separate  any  lime,  which  may  have  been  dissolved,  by 
leans  of  oxalic  acid.  Evaporate  the  liquid,  as  it  now  stands, 
>  the  consistency  of  honey,  and  treat  it  with  alcohol:  Hiis 
quid  dissolves  the  lactic  acid  alone,  and  leaves  every  thing 
Ise  untouched.  To  the  alcoholic  solution  of  the  acid,  add  a 
mall  quantity  of  water,  and  distil  with  a  moderate  heat: 
le  alcohol  is  driven  over,  so  that  nothing  remains  in  the 
stort  but  a  solution  of  lactic  acid  in  water. 

11.  Lactic  acid  was  discovered,  in  1780,  by  Scheele.  Its 
Kistence  was  afterwards  doubted,  and  several  chemists 
apposed  that  they  had  proved  it  to  be  acetic  acid,  con- 
iminated  with  some  foreign  matters.  In  1808,  Bcrzelius 
ubjected  the  acid  to  a  thorough  investigation,  which  termi- 
ated  in  completely  establishing  its  peculiar  nature. 

*  From  2ac,  Uie  Latia  word  si^ifying  milk;  it  bciog  this  liquid  from  vrhich 
Ktie  add  it  procured. 


Bqokl.       III.  Lactic  acid  te  In  the  form  of  m  liifuid^  htviiig  a 

Bitiiioall*  bfownifth-yeUow  ccrfour,  and  a  ahaip  sour  ta&ti:.   It  h-^s  ab 

Its  pi«per-  smell  when  cdd,  but  when  heated,  it  cnita  a  aharp  aour 

^^'  odour,  not  unlike  that  of  suUianed  otalic  acid^  It  is  not  a^ 

f>abk  of  cryBtallizing.  When  evaporated  to  dryneaa,  it  a^ 

sumes  the  appearance  of  a  smooth  varnish.  When  diatilkd, 

it  is  converted  into  empyreumatic  oiL,  watcr^  acetic  acid, 

carhohic  acid  and  inflammable  gas*  When  heated  in  the  opea 

Sre,  it  boils,  emits  a  sour  smell,  and  leaves  a  bulky  charcoaL 

It  combines  with  some  of  the  salifiable  bases  and  ibnai 

isalts  called  lactates.  Its  constituents  are  carbon,  hydrogea 

and  oxygen;  but  the  proportion^  in  which  thete  bodies  art 

combined  is  Hot  known. 


SECTION  XVII.' 

OF  PYROTARTARIC^  ACID. 

Pyrouru-  !•  Pyrotartaric  ACID  may  be  obtained  by  the  ibllov- 
ha  *^btai  ^^^  pro^^^s^*  Distil  a  quantity  of  bitartrate  of  potash  (tarur), 
ed.  '  and,  after  saturating  the  acid  liquor  which  will  be  obtained 

with  potash,  let  it  stand  to  crj'stallize.  The  crystals,  which 
form,  consist  of  the  acid  under  description,  combined  wiih 
potash;  they  may  be  purified  by  repeated  solution  and  crys- 
tallization. By  distilling  these  crystals  with  diluted  sulphuric 
acid,  they  are  decomposed,  sulphate  of  potash  becomes 
formed,  and  the  pyrotartaric  acid  passes  over  into  the 
Receiver,  where  it  condenses  into  a  liquid;  when  this  liquid 
is  exposed  to  spontaneous  evaporation,  the  acid  is  deposited 
in  the  form  of  crystals. 

m 

luhistoiy.  11.  Pyrotartaric  acid,  in  an  impure  state,  was  known 
before  tartaric  acid.  Tartar  had  been  long  considered  an 
acidulous  salt,  whose  base  was  easily  shown  to  be  potash 
by  combustion.  When  distilled,  it  yielded  an  acid  liquon 
but  this  was  evidently  not  the  acid  of  tartar,  since  it  did 
tot  form  tartar  by  combining  with  potash.  This  inference 
was  subsequently  fully  Confirmed,  in  1770,  by  Scheele, 
who  discovered  the  true  acid  of  tartar.  The  acid  liquor 
thus  obtained  from  tartar,  although  different  from  tartaric 
acid,  yet  appearing  to  possess  peculiar  properties,  die 
French  chemists,  when  thev  adopted  their  new  nomen- 
clature, gave  it  thb  name  of  pyrotartaric  acid.  Its  peculiar 

*  Prom  wvf,  fipi',  and  urtar«  the  name  of  the  salt  from  which  thii  acid  is 
obtained  by  the  action  of  fire. 
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natoR  whft  sfterwards,  in  ITM,  called  in  qoestim  by  Cur.n. 
Foutcrof  sBcl  VauqucUn,  who  supposed  thty  had  proved  — — — 
it  to  be  acetic-  acid,  disguised  hy  admixture  of  empy- 
itaomtic  oil.  This  conclusion  of  the  French  chemists  was 
ONBbated^  in  1806,  by  Gehlin,  who  revived  the  original 
Qpaion  of  its  peculiar  nature.  In  consequence  of  the  expe- 
limettta  of  this  chemist^  Fourcroy  and  Vauquelin  submitted 
the  acid  liquor  to  a  new  examination,  which  terminated  in 
confirming  the  conclusions  oi  Gehlin* 

III.  Pyrotartahc  acid  is  in  the  form  of  crystals,  andlu  proper- 
possesses  an  extremely  sour  taste,  it  is  readily  soluble  in  ^^'* 
vtter,  and  the  solution  formed  deposites  crystals  by  spon- 
taneous evaporation.  When  heated,  it  melts,  and  sublimes 
in  the  form  of  a  thick  smoke,  without  leaving  any  residue. 
It  combines  with  some  ot  the  salifiable  bases,  forming  salts 
tded  pyrotartrates.  Its  ultimate  constituents  are  carbon, 
hydrogen  and  oxygen;  but  the  proportion  in  which  they 
are  united  is  not  known. 


SECTION  XVIIL 

OF  BtOBOX¥UC*  ACID. 

t.  MDRt>xTLiic  ACID  may  be  obtained  by  the  following  Moroxyiit 
process:  Dissolve  the  saKne  exudation,  found  on  the  bark  •<^*'^! '*°^ 
of  the  white  mulberry  tree,  in  water,  and  let  the  solution***^*"  ' 
stand,  until  it  deposite  crystals.  These  crystals  will  be 
small  and  needle-form,  and  consist  of  a  salt  composed  of 
die  acid  utider  description  and  lime.  After  a  sufficient 
number  of  them  have  been  deposited,  dissolve  them  in 
irater,  and  add  to  the  solution  formed,  acetate  of  lead  (su- 
gar of  lead).  This  addition  decomposes  the  moroxylate  of 
lime,  and  causes  a  moroxylate  of  lead  to  precipitate.  Sepa- 
rate the  moroxylate  of  lead,  and  decompose  it  by  means  of 
sulphuric  acid,  diluted  with  twice  its  weight  of  water.  The 
lead  falls  in  combination  with  this  acid,  in  the  form  of  an 
insoluble  sulphate  of  lead;  while  the  moroxylic  acid  remains 
in  solution.  Separate  the  sulphate  of  lead,  and  evaporate 
the  clear  solution,  until  crystals  make" their  appearance. 
The  crystals,  which  will  form,  consist  of  moroxylic  acid. 
This  acid  was  discovered,  in  1803,  by  Klaproth. 

11.  Moroxylic  acid  is  in  the  form  of  fine  needle-shaped  Tu  proper* 


ties. 


*  From  moms,  the  molberry  tree,  and  ^vhWi  ▼ood. 
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Book  I.  crystals,  of  a  pale  wood  colour.  Its  taste  is  similar  to  that 
DiTirioo  n.  q£  guQci,;|ic  acid.  It  is  soluble  in  water.  It  suffers  no  altera* 
tion  by  exposure  to  the  air.  When  distilled,  an  acid  liquor 
is  first  driven  over,  and  afterwards  part  of  the  acid  snUimes 
unaltered  upon  the  upper  part  and  the  neck  of  the  retort 
What  remains  behind  is  a  coaly  residuum.  Its  combinatioiis 
with  salifiable  bases  are  called  moroxylates.  Its  ultimate 
constituents  are  carbon,  hydrogen  and  oxygen. 


SECTION  XIX. 


Saberie 

»oid;hoir 

obuioed. 


lit  prot»er- 
ties. 


OF  SUBERIC*  ACID. 

I.  Suberic  acid  may  be  obtained  by  the  following  pro- 
cess: Digest  one  part  of  cork  in  six  parts  of  nitric  acid* 
After  the  action  of  the  acid  is  over,  evaporate  the  mixture 
to  the  consistence  of  an  extract,  dilute  it  with  water,  and 
then  expose  it,  for  some  time,  to  a  sand  heat.  The  liquid, 
thus  obtained,  by  being  set  aside,  forms  on  its  surface  a 
substance  resembling  wax,  and  deposites  white  flocks  at  its 
bottom.  Both  these  substances  must  be  separated,  and  the 
remaining  liquid,  concentrated  by  evaporation.  As  the 
concentration  proceeds,  a  powder  falls,  which,  after  being 
washed  with  cold  water,  is  pure  suberic  acid.  This  acid 
was  discovered,  in  1787,  by  Brugnatelli. 

II.  Suberic  acid  is  in  the  form  of  a  white  powder,  having 
some  resemblance  to  starch.  Its  taste  is  sour,  without  any 
mixture  of  bitterness.  It  dissolves  in  80  parts  of  water,  at 
the  temperature  of  55*5^^  and  in  38  parts,  at  the  tempera- 
ture of  140^.  When  exposed  to  heat,  it  first  melts,  and  then 
sublimes.  Its  combinations  with  salifiable  bases  are  called 
suberates.  Its  ultimate  constituents  are  carbon,  hydrogen 
and  oxygen. 


SECTION  XX. 


OF  LACCIC  ACID. 


Laecic  I.  Very  little  is  known  respecting  laccic  acid.   It  wa» 

f^Q^f^  obtained,  by  John,  from  stick-lac,  a  substance  which  comes 
Ue.  from  the  East  Indies.  This  substance  has  been  ascertained 


*  From  tuher,  the  Latb  name  for  eork. 
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to  comtitute  the  nidus  of  a  certain  insect,  called  chremes  Chap.  n. 
lacca.  When  chemically  examined^  it  is  found  to  consist 
priociptlly  of  resin. 

11.  Laccic  acid  has  a  wine-yellow  colour,  and  a  sour  its  propftr- 
Me*  It  is  soluble  an4  crystallizable.  Its  combinations  with  ^^**' 
nfiiiabie  bases  are  called  laccates.  Its  ultimate  constituents 
nt  carbon,  hydrogen,  and  oxygen* 


SECTION  XXL 

OF  KINIC*  ACID. 

I.  KiNic  ACID  may  be  obtained  by  the  following  pro- Kioie  Mid; 
cess:  Macerate  yellow  Peruvian  bark  in  cold  water,  and^^^*^ 
concentrate  the  infusion  formed  by  evaporation.  Let  it 
land  for  some  time,  until  crystals  make  their  appearance. 
Separate  the  crystals  which  form,  and  purify  tl^m  by  re- 
eated  crystallizations:  they  consist  of  the  acid  under 
escription,  combined  with  lime.  In  order  to  obtain  the 
tnic  acid  in  a  separate  state,  dissolve  the  crystals  in  water, 
id  add  oxalic  acid  to  the  solution  formed.  This  acid  sepa- 
ites  the  lime,  in  the  form  of  an  insoluble  oxalate  of  lime, 
hile  the  kinic  acid  remains  in  solution.  Kinic  acid  was 
iscovered  by  Vauquelin,  combined  with  lime,  in  a  salt, 
repared  from  Peruvian  bark,  by  Deschamps,  junior,  an 
x>thecary  of  Lyons.  Deschamps'  salt  was,  therefore,  a 
mate  of  lime. 

II.  Kinic  acid,  in  the  form  of  solution,  has  a  brown  Its  proper 
>lour,  and  a  sour  and  somewhat  bitter  taste.  It  is  not^^'* 
tered  by  exposure  to  air.  When  concentrated,  by  evapo- 
ition,  to  the  consistency  of  a  syrup,  it  does  not  crystallize 
pontaneously,  but  instantly,  upon  being  touched  with  a 
lass  rod.  When  exposed  to  the  action  of  heat,  on  burning 
oals,  it  first  melts,  then  froths  and  blackens,  and  after- 
rards  exhales  aA  acrid  vapour.  The  residuum  is  a  small 
Kntion  of  charcoal.  Its  ultimate  constituents  are  carbon, 
lydrogen,  and  oxygen. 

*  Contraeted  of  qmnqidna^  the  French  name  for  the  Peruvian  bark. 
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SECTION  XXIL 

OF  2UMIC*  ACiB. 

I.  Zumc  ACID  may  be  obtained  by  the  foUowing  |M- 
cess:  Allow  a  mixture  of  rice  and  water  to  fermenn  nd 
evaporate  the  liquid  thus  pcocured,  after  being  atrained, 
almost  to  dryness,  so  as  to  form  a  gummy  mass.  Digest 
the  gummy  mass  in  alcohol,  and  evaporate  the  aoluticm 
formed,  until  crystals  make  their  appearance.  These  ciys« 
tals  consist  of  zumic  acid  combined  with  a  portion  of  lime. 
Separate  them  and  dissolve  them  in  water,  and,  to  the 
solution  formed,  add  barytes  water  as  long  as  any  preci- 
piute  ensues:  the  barytes  combines  with  the  zumic  acid, 
and  remains  in  solution,  while  the  lime  is  precipitated. 
Separate  the  lime  by  the  filter,  and  add  to  the  clear  solution 
sulphuric  acid,  in  just  sufficient  quantity  to  precipitate  all 
the  barytes  of  the  zumate  of  barytes.  The  precijntate  thus 
ferm^sd  being  separated,  nothing  remains  but  a  solution  of 
zumic  acid. 

II.  Zumic  acid  was  lately  discovered  by  BraconnoC,  by 
treating  rice  in  the  manner  just  detailed.  It  is  not,  how- 
ever, peculiar  to  the  fermentation  of  rice,  but  appears  to  be 
formed  pretty  generally  by  the  spontaneous  fermentation  of 
vegetable  substances. 

III.  Zumic  acid  is  a  colouriess  liquid,  possessing  a  veiy 
sour  taste.  It  is  incapablt  of  crystallization;  but,  upon  suf- 
ficient evaporation,  it  forms  a  syrup.  When  subjected  to 
distillation,  it  yields  charcoal  and  acetic  acid.  Hence  its 
constituents  must  be  carbon,  hydrogen  and  oxygen.  Its 
combinations  with  salifiable  bases  are  called  zumales  by 
Dr.  Thomson*  t 


noicUc 

sitid. 


SECTION  XXIII. 

OF  BOLETIC*  ACID. 

I.  BoLCTic  ACID  was  discovered,  in  1811,  bv  Bracon- 
not,  in  the  expressed  juice  of  the  boletus  pseudo-igniarius. 


*  Zumic  is  the  niime  given  to  this  aciti  bv  Dr.  Thomson,  instead  of  nojiceiCt 
derived  from  Nancy,  the  name  of  the  citj  in  which  its  discoverer  resides.  Dr. 
Thomson's  name  is  derived  from  ^u/in  leaven. 

1 1  find,  by  a  notice  contained  in  the  \nnals  of  Philosophy,  Vol  XII.  p.  d91, 
that  the  peculiar  nature  •  f  zumic  acid  has  been  calird  in  r]uosrion  hy  A'op.»l.  This 
chemist  informs  us  that  he  has  obtained  it  from  (lifferrnt  s'M'cies  of  corn,  and 
finds  it,  Mrhen  properly  purifi.-d.  to  be  the  lactic  acid  of  lierzclius. 

i  From  boletiUf  the  Latin  name  for  the  mushroom. 
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It  is  m  ciystallized  solid,  of  a  white  colour.  Its  taste  is  si»  Chap,  n. 
milar  to  that  of  bi  tartrate  of  potash  (tarur).  When  in  the 
state  of  solution,  it  reddens  vegetable  blues.  It  is  not  alter- 
ed by  exposure  to  air.  It  dissolves  in  180  parts  of  water  at 
the  temperature  of  68^*  When  distilled,  the  greatest  part  of 
it  sublimes  unaltered.  When  exposed  to  the  action  of  the 
open  fire,  it  rises  in  white  vapours,  which  irritate  the 
diroat,  and  condense  on  surrounding  bodies,  in  the  form  of 
a  (JBirinaceous  powder.  Its  combinations  with  salifiable  bases 
are  called  boletates.  Its  ultimate  constituents  are  probably 
carixm,  hydrogen,  and  oxygen. 


thus  finished  the  consideration  of  the^  acids,  in 
conformity  with  the  plan  pursued  with  regard  to  the  other 
sets  of  chemical  bodies,  their  principal  properties  will  be 
recapitulated  in  a  series  of  tables. 
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Chap.  HI. 

CHAPTER  III. 

ACIDS  DEFINED,  AND  THE  CLASSIFICATION  OF  THEM  PUR* 
SUED  IN  THE  PRESENT  WOfik  EXPLAINED 

Having  now  finished  the  consideration  of  the  acids,  and 
jpwtm  a  tabular  view  of  their  properties,  the  reader  is  pre* 
pared  to  understand  what  is  meant,  in  a  chemical  sense,  by 
the  term  acuim 

The  term  acid^  as  used  by  the  chemist,  has  a  very  dif*  Defiaitiqii 
ferent  meaning  from  its  common  acceptation.  In  common    *'^' 
language,  this  term  is  used  as  s3monymous  with  sour;  but 
when  employed  by  the  chemist,  it  is  applied  to  a  class  of 
aohstances,  which  have  either  or  both  ot  the  following  pro- 
perties. 

1.  A  sour  taste. 

2*  The  property  of  combining  with  certain  compounds, 
called  salifiable  bases,  with  the  effect  of  destroying  their 
distinctive  properties,  as  well  as  of  losing  their  own. 

The  second  property  mentioned  may  be  considered  as 
the  most  distinctive  of  acids.  It  is  possessed  by  all  this  class 
of  chemical  bodies,  except,  perhaps,  hydrocyanic  (prussic)  Aeldi  of 
acid,  chloriodic  acid  and  chlorocyanic  acid.  Chlorocarbonic  eh^^[^,. 
acid  is  found  to  be  capable  of  neutralizing  four  times  its  enomcrar- 
volume  of  aiflmoniacal  gas;  and  although  it  is  not  known  to  ^* 
be  capable  of  combining  with  any  other  salifiable  base;  yet 
this  one  combination  is  sufficient  to  establish  its  acid  nature. 

In  strict  propriety,  perhaps,  hydrocyanic  acid  should  not 
stand  among  the  acids.  Acid  properties  were  first  attributed 
to  it,  under  the  influence  of  the  erroneous  opinion,  that  it 
is  capable  of  neutralizing,  or  destroying  the  distinctive  pro- 
perties of,  salifiable  bases.  But  it  is  now  found,  that  it  is 
always  decomposed,  when  presented  for  combination  with 
a  salifiable  base.  Besides,  it  has  not  a  sour  taste,  and  is  in- 
capable of  reddening  vegetable  blues. 

Chloriodic  acid,  like  hydrocyanic  acid,  suffers  decompo- 
sition, whenever  the  attempt  is  made  to  combine  it  with  a 
salifiable  base.  It  does  not  redden  vegetable  blues,  but  des- 
troys them.  Its  taste  has  not  been  ascertained.  Perhaps  it 
would  have  been  more  correct  to  have  adopted  Gay-Lussac's 
opinion  respecting  its  nature,  and  excluded  it  from  the  list 
of  acids. 

Chlorocyanic  acid  is  not  known  to  combine  with  any  sali- 
fiable base;  but  it  reddens  vegetable  blues.  It  is  certainly 
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Book  I.  an  acid  of  very  doubtful  character.  So  that  it  appeals  that 

DjTiwon  11;  xwo  out  of  the  three  acids,  which  are  unable  or  not  known 

to  combine  with  salifiable  bases,  belong  to  the  class  of  acids 

of  irregular  constitution,  so  called  in  this  work.   It  is  not 

improbable  that  further  researches  may  make  it  necessary 

to  strike  out  these  combinations  from  the  list  of  acids. 

Property  of     As  to  the  property  of  reddening  vegetable  blues,  which 

rcdfienins  jg  generally  supposed  to  be  distinctive  of  acids,  it  would 

bhSe«,'nfrt    appear  that  it  is  mi-rely  a  property,  very  generally  associat- 

poMesicfi    cd  with  the  essential  one  of  neutralizing  salifiable  bases* 

by  all  ■cids  p^^.  ^j^j^  reason,  it  is  convenient  to  take  the  indications  of 

acidity  from  it;  and  this  course  can  lead  to  no  error,  when 

the  chemist  is  acquainted  with  those  acids,  which  do  not 

possess  this  property. 

Having  now  considered  the  principal  properties  character^ 
istic  of  the  class  of  acids,  and  noticed  those  acids,  wluch  are 
of  doubtful  character;  it  is  next  proper  to  say  something  of 
the  arrangement  of  these  bodies,  which  has  been  adopted 
in  this  work. 
Freneh  After  the  chemistry  of  the  French  school  had  overturn* 

doctrine  of  ^d  the  doctrines,  connected  with  the  supposed  existence  of 
■nd  RcMi^  phlogiston  Or  an  inflammable  principle;  a  fundamentid  doc- 
cfijnr.  ex-   triuc  of  the  ucw  theoiy  was,  that  oxygen  is  essential  to  the 
piatoed.      production  of  combustion  and  acidity.  It  was  conteodedt 
that,  in  every  case  of  combustion,  oxygen  combines  with  the 
burning  body,  and  separates  from  its  light  and  heat;  and 
that,  when  a  body  is  acidified,  it  combines  with  oxygen,  and 
in  no  case  with  any  other  substance.  • 

Found  to         The  reader  has  already  been  put  in  {>ossession  of  a  saf« 
be  errone-  gcient  number  of  facts,  to  enable  him  to  determine  that  die 
French  doctrine  of  combustion  and  acidification  was  erro- 
neous. This  very  evidendy  appears,  when  it  is  recollected 
that  a  plurality  of  supporters  have  been  discovered,  and 
that  a  number  of  acids  are  now  known,  into  which  oxygen 
does  not  enter  as  a  constituent. 
The  new        The  discovery  of  acids,  into  which  oxygen  does  not  enter 
views  rc8-   as  a  constituent,  having  destroyed  the  exact  analogy,  prc- 
STfiMiion**  piously  observed  between  the  acids,  a  new  arrangement  oi 
made  a  new  them  appeared  to  be  absolutely  necessary.  A  classification 
liorof  acids  ^*  them  has  been  devised  by  Dr.  Thomson:  but  it  is  too  iO'* 
necessary,  tricate  to  be  of  practical  utility.  The  arrangement,  whick^ 
has  been  adopted  in  the  present  work,  is  founded  ufK>Q  th  ^ 
analogies  in  composition  of  the  different  acids. 

A  number  of  acids,  which  have  not  oxygen  as  a  consti^^ 
tuent,  agree  in  containing  hydrogen  as  a  common  principle  - 
These  acids  are  hydrochloric  (muriatic)  acid,  hvdriodi^ 
acid,  hydrosulphuric  acid  (sulphuretted  hydrogen),  hydro-" 
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luoric  (fluoric)  acid  and  hydrocyanic  acid.  This  atrikingfact  CiCav.  llL 
)f  the  uniform  presence  of  hydrogen  in  a  number  of  ■  im- cumMmT 
3ortant  acids,  in  which  oxygen  doea  not  exist,  suggested  tion  urtogt- 
ht  trxpediency  of  erecting  a  classification  of  these  bodies,  ^^^f^"^^ 
founded  upon  the  presence  or  absence  of  oxygen  or  hydro-  preMoeeor 
jen  in  them.  •  ab««ieeof 

Upon  the  presence  or  absence  of  oxygen  or  hydrogen,  b^^e? 
four  classes  of  acids  may  be  founded: 

I.  Acids,  in  which  oxygen  is  present,  but  not  hydrogen. 

II.  Acids,  in  which  hydrogen  is  present,  but  not  oxygen* 

III.  Acids,  in  which  neither  oxygen  nor  hydrogen  is 
present. 

IV.  Acids,  in  which  oxygen  and  hydrogen  are  both 
present. 

This,  however,  is  not  exacdy  the  arrangement,  which  is 
adopted.  Some  of  the  acids,  in  which  oxygen  is  present  but 
not  hydrogen,  have  bases,  which  are  capable  of  forming  acid 
compounds  with  hydrogen.  This  circumstance  suggested 
the  expediency  ot  letting  those  acids  stand  in  a  class  by 
themselves,  whose  bases  form  acid  compounds,  by  combin- 
ing with  oxygen  or  hydrogt  n  indifferently.  By  this  measure, 
acids  whose  bases  are  the  same,  are  made  to  stand  together* 

So  that  the  arrangement,  founded  upon  the  presence  or 
absence  of  oxygen  or  hydrogen,  modified  in  the  way  just 
mentioned,  gives  rise  to  five  classes: 

I.  Acids,  whose  bases  form  acid  compounds  with  oxygen 
or  hydrogen  indiifcrendy. 

IL  Acids,  SirhQse  bases  form  acid  compounds  with  oxy* 
gen  only. 

III.  Acids,  whose  bases  form  acid  compounds  with  hy- 
drogen only. 

IV.  Acids  in  which  neither  oxygen  nor  hydrogen  is  pre- 
sent. 

V.  Acids,  in  which  oxygen  and  hydrogen  are  both  pre- 
sent. 

These  classes,  except  the  fourth,  exhibit  exacdy  the  ar- 
rangement adopted.  The  fourth  class,  in  the  arrangement 
Pursued,  has  the  tide  of  acids  of  irregular  constitution, 
'he  acids  which  stand  here  cannot,  indeed,  be  called  acids, 
which  contain  neither  oxygen  nor  hydrogen,  although  this  b 
the  case  with  some  of  them;  so  that,  in  this  particular,  the 
classification,  founded  upon  the  presence  or  absence  of  oxy* 
gen  or  hydrogen,  has  not  been  adhered  to. 

The  object  of  the  classification,  which  has  been  adopted, 
is  to  afford  a  key  to  the  memory  for  recollecting  the  consti- 
tuents of  the  different  acids,  by  exhibiting  their  chemical 
relations  to  oxygen  and  hydrogen.  With  reference  to  the 
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Book  l  production  of  acidity,  it  would  appear  that  cliemtcai 
BSviiion  H.  arrange  themselves  in  two  sets;  bodies  called  the  bases  of 
Tbeoi7  of  acids  on  the  one  hand,  and  oxygen  and  hydrogen  on  the 
Sm^Ueh  o^her.  The  concurrence  of  one  body,  at  least,  from  each  of 
led  to  the  these  sets,  appears  to  be  absolutely  essential  to  the  produc- 
^JJj^^jL  tion  of  acidity.  That  this  necessity  of  concurrence  is  not 
ed.  imaginary,  but  real,  is  evinced  by  this  fact,  that  the  bodies 

of  neither  set  can  produce  acids  by  combinations  among 
themselves.*   Hence  it  is,  that  no  acids,  except  tf^ose  of 
doubtful  character,  are  destitute  of  both  oxygen  smd  hy- 
drogen. 
Advantagei     fiy  the  first  class  of  acids,  the  fact  is  clearly  shewn,  thst 
^!^^J^^^^  chlorine,  iodine,  sulphur,  selenium  and  tellurium  are  acidS- 
fiable  by  combining  with  either  oxygen  or  hydrogen.  The 
second  class  contains  those  acids,  whose  bases  are  acidiSaUe 
by  oxygen  only.  These  acids  agree  exactly  in  chemical  con- 
stitution, and  stand  very  well  together.  The  third  class  con- 
tains the  hydrofluoric  (fluoric)  acid  and  the  hydrocyanic 
acid.  The  former  has  an  undecompounded  base,  the  latter, 
a  compound  base.  Both  these  bases  may  be  considered  as 
acidified  by  hydrogen.  The  fourth  class  appears  to  contais 
a  very  proper  association  of  acids.  They  are  called  acids  of 
irregular  constitution;  and  they  are  certainly  irregular,  with 
reference  to  any  theory.  Acids  of  the  fifth  class  are  those 
in  which  oxygen  and  hydrogen  are  both  present.  They  are 
all,  except  the  two  first,  triple  compounds  of  carbon,  hy- 
drogen and  oxygen.   In  any  arrangement  of  acids,  thcjr 
would  necessarily  stand  by  themselves.  t 


CHAPTER  IV. 

OF  SALTS. 

Saltatre  HAVING  finished  the  consideration  of  acids  and  given 
eoniixMindt  some  account  of  their  arrangement,  the  compound  bodies, 
tween  ackl't  ^^'^  ^^  ^^  considered,  are  those  which  are  formed  by  the 
and  mURr.  union  of  acids  and  salifiable  bases.  These  combinations  are 
We  baM».    called,  by  the  chemist,  salts. 

The  salts  will  be  treated  of  in  as  many  classes  as  there 

are  salifiable  bases;  those  formed  by  each  base  constituting 

the  subject  of  a  separate  section. 

*  Some  of  the  compounds,  included  under  the  clau  of  adds  of  irregolar  eooiti- 
tution,  are  exceptions  to  t\\'\%  statement;  bnt  their  romiiosition  is  ao  imperfectly 
ascerUined,  that  it  it  not  aniikely  that  they  may  hereafter  proTC  to  contain  oiT- 
gen  or  hydrogen. 
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C&iv.  lY. 

SECTION  I. 

SALTS  OF  AMMONIA. 

"s  OF  Ammonia  are  combinations  of  acids  with  the  sa«  Stiuof  am- 
able  base  ammonia.  The  most  important  of  these  salts  °'^"|*' 

,       -  ,,       .  *^  what  com- 

the  foUowmg.  pounds. 

'Chlorate  o/^ilmmonia.— Formerly  called  Hyperoxymu*  Chiomtt  ^ 
of  Ammonia.^^Th'i8  salt  was  first  formed  by  Cheneviz.  »««"»«>*•• 
y  be  prepared  by  dissolving  carbonate  of  ammonia  in 
tc  acid.  The  acid  combines  with  the  ammonia,  and  car-       * 
acid  is  extricated.  It  is  in  the  form  of  crystals  of  an 
dingly  sharp   taste.    It   is   soluble  in  water.   When 
'n  upon  a  burning  coal,  it  detonates  with  a  red  flame, 
decomposed   by  heat;  chlorine,  azote   and  oxygen 
eyolved,  and  hydrochlorate  of  ammonia  (sal  ammo- 
( left  behind. 

U.  HYDROCHLORATE  OF  AMMONIA. 
Bhemieal  name,  A^triate  ofAmimma.'-'Common  name,  Sal  Ammtmiaci 

Hydrochlorate  of  ammonia  may  be  formed  either  by  Hydrochle 
;  combination,  or  by  decomposing  sulphate  of  ammo-  ^^\  ^^T 

«  ,     .  J       c      jk'         f  i^\  obtained. 

f  chloride  ot  sodium  (common  salt)* 
Originally  this  salt  was  procured,  in  Egypt,  from  the 
of  camels'  dung,  by  sublimation.  It  is  now  made  in 
abundance  in  Europe  by  the  direct  union  of  its  con- 
nts,  or  by  the  decomposition  of  the  hydrochlorates 
iates). 

Hydrochlorate  of  ammonia  is  sometimes  found  native, 
ially  in  the  neighbourhood  of  volcanoes.  It  has  been 
n  for  several  centuries.  Its  composition,  however,  does 
ppear  to  have  been  ascertained  until  the  beginning  of 
ist,  when  it  was  pointed  out  by  Geoffroy,  Junior. 
In  commerce,  this  salt  occurs  generally  in  the  form  of  Propcrtifs. 
round,  elastic,  concavo-convex  cakes.  But  by  solution 
rrystallization  it  may  be  obtained  in  crystals.  It  has  a 
ent,  urinous  taste,  and,  in  the  compact  cake,  is  not  alter- 
y  exposure  to  air.   Its  specific  gravity  is  1*450.  It  is 
lie,  when  in  the  cake,  in  somewhat  more  than  three 
\  its  weight  of  cold  water,  and  in  its  own  weight  of 
ig  water.  In  cr\  stals,  it  requires  less  water  for  its  solu- 
When  heated,  it  sublimes  unaltered,  emitting  a  pecu- 
>dour. 

Hydrochlorate  of  ammonia,  has  the  property  of  form-  Combiaet 
I  permanent  compound   with   perchloride  of  mercury  ijL^'Jif 
t>8ive  sublimate).  This  compound  was  called  by  the  mereniT. 
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Book  I.    alchemists  sal  alembroth,  and  is  usually  called  by  chemisti  < 
DivakHi  n.  3  muriate  of  mercury-and-ammonia,  under  an  idea  that  it  ' 
is  a  triple  salt*  According  to  the  new  chemical  views  re- 
specting the  natore  of  oxymuriatic  acid  (chlorine),  it  can- 
not be  considtrred  as  a  salt.  When  a  solution  of  carbonate 
of  potash  or  of  soda  is  added  to  a  solution  of  this  com- 
pound, there  falls  a  precipitate,  which  is  the  ammoniattd 
perchloride  of  mercury,  noticed  under  the  head  of  the  per- 
chloride,  page  106. 
Coinpou-        6.  Hydrochlorate  of  ammonia  is  composed  of 
^^"^  Hydrochloric  acid     37— ^ne  atom. 

Ammonia  17— -one  atom. 

Giving  54  for  the  number  repre-     | 
scnting  the  weight  of  its  atom. 
Medical  7*  This  salt  was  formerly  used  in  medicine  as  an  aperient 

propertiet.  and  attenuant;  but,  at  the  present  day,  it  is  never  givtn  to* 
temally.  Externally,  it  is  used  in  solution  for  the  purpoie 
of  removing  chronic  inflammation,  and  as  a  discutimt  in 
indolent  tumours.  It  appears  to  act  at  first  by  the  cold  whidi 
it  produces,  and  afterwards,  as.  a  stimulant,  by  creadng  t 
new  and  more  healthy  action. 

III.  lodate  of  Ammonia.'^'This  salt  may  be  formed  bv  sa- 
turating iodic  acid  with  ammonia.  It  is  in  the  form  of  cryi- 
tab,  which  detonate  when  thrown  upon  heated  coals,  eoiit- 
ting  a  weak  violet  light  and  giving  out  vapours  of  iodine. 

IV.  Hydrtodate  of  Ammonia. — This  salt  may  be  formed 
by  mixing  together  equal  volumes  of  h\  driodic  acid  gas 
and  ammoniacal  gas;  or  by  dissolving  liquid  ammonia  in  a 
solution  of  hydriodic  acid.  It  is  in  the  form  of  crystals, 
which  are  soluble  in  water  and  deliquescent  in  the  air. 

V.  SUL»>HATE  OF  AMMONIA. 
Secret  Sal  Ammoniac  oXGX^nher.'^VitviQlated  Ammoniac. 

Sulphate  of  1*  This  salt  may  be  prepared  by  saturating  ammonia  with 
annnonia;  gulphuric  acid,  or  by  decomposing  hydrochlorate  of  ammo- 
lioii.  nia  by  means  of  the  same  acid.  It  has  a  sharp  bitter  tasW* 

It  is  soluble  in  twice  its  weight  of  cold  water,  and  in  ^^ 
own  weight  of  boiling  water.   In  the  air,  it  slowly  attr3.^^ 
moisture. 
Howob.  2.  It  is  formed  by  manufacturers  from  the  impure  liq*^^ 

tainc<l  by  sub-carbonatc  of  ammonia,  obtained  bv  distillincr  bones 
t'acturcr.  Other  animal  substances,  by  saturating  it  with  sulphu 
acid;  or  more  economically,  by  double  decomposition 
tween  it  and  sulphate  of  lime  (g\'psum).  It  is  procured 
them  to  be  employed  afterwards  in  the  manufacture  of  h  ^ 
drochloratc  of  ammonia  (sal  ammoniac),  by  doable  dccoi^^ 
position  with  chloride  of  sodium  (common  saltj. 
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VL  Sulphite  of  Ammonia.'^Tht:  taste  of  this  salt  is  oxd-  .di>.lV. 
ing  and  penetrating,  and  leaves  a  sulphureous  impression  in         ' 
the  mouth.   It  dissolves  in  its  own  weight  of  cold  watcr^ 
with  the  production  of  cold.  Exposed  to  the  air,  it  attracte 
moisture  and  is  converted  into  a  sulphate* 

VIL  HTDROSULPMATfi  OF  AMMONIA. 

tJtiial  ehemiMl  mind  Hvdr%nUpkwrft  of  Ammonia. 

1.  This  salt  may  be  obtained  perfectly  pure  by  causing  Ufdraittt 
hydrosulphuric  acid  gas  and  ammoniacal  gas  to  pass  intb  P^fj^)^ 
a  bottle  surrounded  with  ice.  It  is  in  the  form  of  transp*-  bo^obuin- 
rent  and  colourless  crystals.  It  is  very  volatile,  and  when  ^* 
kept  in  a  bottle  sublimes  gradually  to  the  top. 

2.  For  medical  employment,  it  may  be  formed  by  passing 
a  current  of  hydrosulphuric  acid  gas,  through  liquid  ammo- 
nia. The  solution  of  the  salt,  which  is  thus  formed,  is  of  a 
greenish- yellow  colour. 

3.  This  salt  was  first  used  in  medicine  by  Cruickshank.  lu  Acdpa 
It  acts  very  powerfully  upon  the  living  system,  inducing  ^^^^ Jl?** 
vertigo,  drowsiness,  nausea  and  vomiting,  and  lessening  the  tem. 
action  of  the  heart  and  arteries.  It  has  been  used,  in  solution, 

in  diabetes  by  Dr.  Rollo  and  others,  in  doses  of  from  five 
to  ten  drops  twice  or  thrice  a  day.  Its  activity  entitles  it  fo 
the  notice  of  practitioners. 

VIII.  Hydrosulphite  ofAmmonia.^^Usu?\  chemical  name  Hvdrowl. 
Sydroguretted  Sulphuret  of  iimmonia.— This  salt  may  be  P**'^** 
obtained  by  pouring  hydrosulphate  of  ammonia  upon  sul- 
phur. T\\^  fuming  liquor  of  Boyle  is  a  hydrosulphite  of  am- 
monia with  excess  of  base.  This  liquor  may  be  prepared 

by  distilling  a  mixture  of  equal  parts  of  hydrochlorate  of 
ammonia,  sulphur  and  lime.  It  is  a  liquid  of  a  det'p-orange 
colour,  which  constantly  emits  white  fumes  of  a  strong  am* 
moniacal  and  fetid  odour,  owing  to  the  excess  of  its  base. 
When  allowed  to  stand,  it  gives  off  this  excess,  whereby  its 
fuming  property  is  destroyed,  and  deposites  a  portion  of  sul- 
phur, sufficient  to  reduce  its  acid  to  the  state  of  hydrosul- 
phuric acid.  In  this  way,  it  becomes  converted  into  a  hy- 
drosulphate of  ammonia. 

IX.  Nitrate  of  Ammonia.'-'^XA  names,  Nitrum  SemivO'  Nitrate, 
latile;  Nitrum  Flammans. — This  salt  may  be  prepared  by 
dissolving  carbonate  of  ammonia  in  dilute  nitric  acid,  and 
allowing  the  solution  to  stand  until  crystals  form.  These 
crystals  constitute  the  salt  in  question.  It  has  a  very  acrid, 
bitteiF,  disagreeable  taste.    It  is  soluble  in  twice  its  weight 

of  cold  water,  and  in  half  its  weight  of  boiling  water.  When 
exposed  to  the  air,  it  attracts  moisture,  anct  deliquc!«ccs. 
When  subjected  to  a  heat,  not  exceeding  500^,  it  is  wholly 
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Book  l    coavorted  into  protoxide  of  azote  (Bitraiis  ovide)  and  water. 
atfiAan.  i(  i^  £pQQ|  ^^3  ^^\^  ^^^  ^i^  protoxide  U  usually  obtauMd. 

When  exposed  to  a  heat  above  60QP,  it  ia  totdly  deoon- 
posed,  ^nd  converted  into  deutosude  of  a3(ote  (mtrona  gai), 
nitrous  acid,  water  and  azote. 

X.  CARBONATE  OF  AM VQKIA. 

(Formerlj  eaUed,  Prfpartd  Antmmn^    MM  VwUuik  JUkaH.) 

!•  This  salt  may  be  prepared  by  subliming  a  mixture  of 
two  parts  of  pure  carbonate  of  lime  (chalk)  and  one  part  of 
hydrochlorate  of  ammonia  (sal  ammoniac)  both  in  powder, 
and  made  as  dry  as  possible.  The  sublimed  product  n  car> 
bonate  of  ammonia* 
Preptra-       :S»  Carbonate  of  ammonia  is  obtained,  by  the  manufsc- 
tion  of  the  turcr,  by  the  destructive  distillation  of  animal  substances, 
eJSIlMiiite    which  contain  azote.  The  substances  generally  employed 
bj  the  mt-  ^fc  refuse  bones  and  horns.  The  distilled  products  ait 
eturer.^^^^^  subcarbonate  of  ammonia  and  empyreumalic  oiL 
Water  is  first  driven  over;  then  the  subcarbonate,  which 
dissolves  in  the  water  to  the  point  of  saturation  and  after- 
wards concretes  in  the  upper  parts  and  sides  of  the  receiver, 
and  lastly  the  oil.  These  three  products  are  reapcctive^ 
called  the  volatile  tiquor^  smlt  and  ail  ofharUhom*  Tke  vo- 
latile liquor  and  the  salt  contain  a  portion  of  the  oil,  whick 
adheres  obstinately,  while  the  oil  holds  in  solution  a  por- 
tion of  the  salt.  None  of  these  products,  except  the  water, 
pre-exist  in  the  distilled  substance;  they  are  all  formed, 
during  the  process,  by  a  new  arrangement  of  its  ultimate 
constituents.  Azote  and  hydrogen  combine  to  form  ammo- 
nia, carbon  and  oxygen,  to  form  carbonic  acid,  and  carboOi 
oxygen  and  hydrogen,  to  form  oil. 

The  volatile  liquor  and  salt  of  hartshorn  are  too  impure 
for  use  in  medicine.  The  carbonate  of  ammonia,  which  they 
contain,  may  be  saturated  with  sulphuric  acid;  and  the  sul- 
phate thus  formed  is  employed  in  the  manufacture  of  hy- 
drochlorate of  ammonia  (sal  ammoniac)  by  the  agency  of 
chloride  of  sodium  (common  salt),  as  already  roenticmed 
under  the  head  of  the  sulphate.  A  hydrochlorate  being  thia 
obtained,  it  may  be  converted  into  a  pure  carbonate  m  the 
manner  detailed  in  the  first  paragraph, 
ivopcrtiei.  3.  Carbonate  of  ammonia  is  in  the  form  of  a  white  cryi- 
tallized  mass  of  a  fibrous  texture,  havbg  the  smell  and 
taste  of  pure  ammonia,  but  much  weaker.  It  is  aoliible  is 
twice  its  weight  of  cold  water.  In  boiling  water,  it  is  volad* 
lized.  Its  specific  gravity  is  0*966. 
^^0^  4.  The  solution  of  carbonate  of  ammonia  is  ofl&cinsli 
?  ammo!  Under  the  name  of  water  of  carbonate  of  ammonia.  It  is 
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ynsfmnA^  by  Ae  British  colleges,  bjr  distilluig  with  water  a  oba».  i v. 
misrtUK  of  nydrochlorate  of  ammonia  (sal  ammoniac)  and  ^  ^^^ 
caihonate  of  potash.   A  double  decomposition  takes  place;  medidne. 
the  hydrochloric  acid  and  potash  combine,  so  as  to  form 
ddoride  of  potassium  and  water,  the  former  of  which  rc- 
audns  in  the  retort;  while  the  carbonic  acid  and  ammonia, 
in  a  state  of  combination,  are  distilled  over  dissolved  in 
the  water. 

The  carbonate  of  lime  will  not  ansirer  in  the  preparation 
of  this  solution,  as  it  does  not  suffer  decomposition,  in 
contact  with  the  hydrochlorate,  below  the  heat  of  boiling 
water. 
5«  Carbonate  of  ammonia  is  composed  of  Compou- 

Carbonic  acid        22— one  atom.  ^^' 

Ammonia  17-— one  atom. 

Giving  39  for  the  number  representing 
the  weight  of  its  atom. 

6.  Carbonate  of  ammonia  is  a  very  important  article  of  Medical 
the  materia  medics*  It  is  a  powerful  stimulant,  and  is  par-  propcrti^- 
liculariy  suited  to  the  treatment  of  low  fevers.  Its  average 
dose  is  about  five  grains,  made  up  in  pills,  and  given  every 
two  or  three  hours.  It  is  very  often  combined  with  opium. 
When  carbonate  of  ammonia  is  exposed  to  the  air,  it 
loses  part  of  its  base,  and  is  converted  into  a  bicarbonatei 
but  tUs  salt  is  not  of  sufficient  importance  to  be  described. 
When  long  or  insecurely  kept,  the  carbonate  loses  a  large 
proportion  of  its  ammonia,  on  account  of  its  volatile  nature, 
and  q>proaches  to  the  .state  of  bicarbonate.  It  is  sometimes 
sold  by  the  apothecaries  containing  but  half  its  proper  quan- 
ti^  of  ammonia. 

XI.  Phosphate  of  AmmonieU'^This  salt  may  be  prepared  Phoiphate 
by  saturating  superphosphate  of  lime,  obtained  from  bones,  ^^^^""^ 
widi  ammonia.  The  ammonia  combines  with  the  excess  of 

acid,  and,  by  evaporation,  cr)'stals  of  phosphate  of  ammo- 
nia are  obtained.  Its  taste  is  saline,  and  somewhat  bitter.  It 
is  soluble  in  twice  its  weight  of  cold  water.  Its  specific 
gravity  is  1*8051.  In  the  air,  it  undergoes  no  alteration. 
From  the  activity  of  its  constituents,  there  is  reason  to  be- 
lieve that  it  might  be  employed  as  a  powerful  and  diS*usive 
stimulus. 

XII.  Hydrofiuate  of  ifmmonfa.-^Usual  chemical  name, 
FhuUe  of  AmmonicU'^Tliis  salt  may  be  formed  by  saturating 
pure  hydrofluoric  acid  with  ammonia.  In  a  liquid  state,  it 
is  neutral;  but  when  evaporated,  part  of  the  ammonia  flies 
ofl".  It  does  not  crystallize.  When  exposed  to  heat,  it  dissi- 
pates in  thick  white  vapours.  It  precipitates  all  the  earthy 
salifiable  bases,  and  all  the  alkaline,  except  potash  and  soda. 
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Book  u      XIIL  Chhrooirborutte  of  Ammonio^^JChkiirocMAoincwaii 
Pifiwop  U.  neutralizes  fuur  times  its  volume  of  ammonia. 

XIV.  Boroftuate  of  Ammonuu''^A.mmiomA  combines  in 
three  proportions  with  borofluoric  acid« 

XV.  Silicoftuate  of  Ammonia  may  be  formed  by  mixing 
its  constituents  together  m  a  gaseous  state,  it  is  composed 
of  one  volume  of  silicofluoric  acid  and  two  volumes  of 
ammonia. 

XVI.  Sulphocyanate  of  Ammonia  is  a  soluble  uncrystsl- 
liz.ible  salt. 

Femuyt-  jjy 1 1^  Ferrocyofiate  q/'iimmonf a.— Formerly  called,  7n- 
pie  Prussiate  of  Ammonia;  Prussiate  of  Ammonia^and-'Iront 
—This  is  u  very  soluble,  deliquescent^  crystallizablc  salt  of 
a  light  lemon-yellow  colour. 

Urate.  XVIIL  Urate  of  Ammonia.— TYAz  Asdt  is  a  white  taste- 

less powder,  very  much  resembling  uric  acid.  It  is  a  con- 
stituent in  several  species  of  urinary  calculi.  According  to 
Fourcroy  and  Vauquelin,  some  of  these  concretioiis  are 
composed  entirely  of  this  salt. 

Pwpnntc.  XIX.  Purpurate  of  Ammonia.— Dr.  Frout  first  obtained 
this  salt  from  the  pink  liquid,  formed  by  the  action  of  di- 
lute nitric  acid  upon  uric  acid,  which  is  a  solution  of  this 
purpurate.  This  salt  is  in  the  form  of  transparent  cr3rstals, 
which  appear  of  a  deep  garnet-red  colour  by  transmitted 
light,  but  brilliant  green  by  reflected  light.  It  is  soluble  in 
1500  parts  of  cold  water,  and  in  a  much  smaller  quantity 
of  boiling  water.  The  solution  has  a  beautiful  rose-red  co- 
lour and  a  sweetish  taste,  but  no  smell.  Dr.  Prout  supposes 
that  the  pink  sediment,  deposited  in  the  urine  of  persons 
labouring  under  fevers,  consists  chiefly  of  this  salt.* 

OxaUie.  XX.  Oxalate  of  Ammonia.^^This  salt  may  be  formed  by 

saturating  oxalic  acid  with  ammonia,  and  evaporating  the 
solution  until  crystals  form.  It  has  a  bitter  unpleasant  taste, 
somewhat  like  that  of  hydrochlorate  of  ammonia  (sal  am- 
moniac). It  is  much  used  as  a  re-agent  for  the  detection  of 
lime,  which  it  does  by  precipitating  this  alkaline  base  in 
the  form  of  an  insoluble  oxalate  of  lime. 

Suceinkte.  XXI.  Succinate  of  ^mmonfa.— This  salt  has  a  sharp, 
bitii  r  and  cooling  taste.  When  exposed  to  heat,  it  sublimes 
without  decomposition.  It  precipitates  peroxide  of  iron 
from  all  its  solutions  of  a  deep  flesh-red  colour.  It  likewise 
precipitates  mercury.  It  throws  down  none  of  the  alkaline 
or  earthy  saliBable  bases,  except  barytes. 

Acetrteof      XXII.  Acetate  of  Ammonia.'^This  salt  may  be  formed 

«nmoiiia» 

*  Phil.  Tram.  1818.  Part  II.  p.  420. 
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^  ^    by  MiiBlJUg  Mct&c  acid  with  ammonia*  It  majr  be  obtained  ciaf.  iy. 

=*  **•    JoRf^  uendcr   and  flatted,  and  of  a  pearl-white  colour,  wttcr, 

Tbcir  taste  b  cooling  and  sweetish,  somewhat  like  tlut  of  ^"^?/^>"^ 
^^    tniiture  of  sugar  and  nitrate  of  potash  (nitre).  They  are lemi.  * 
f-^    voy  deliquescenc.  When  dissolved  in  water,  they  form  the 
^  -j    Bedicinal  preparation  called  water  of  acetate  of  ammonia. 

WATER  OF  ACETATE  OF  AMMONIA. 

(Commoiily  ealled.  Spirit  •/ Mmdarenu.) 

!•  This  solution  may  be  formed  by  saturating  carbonate  Prq^n- 
sf  smmonia  with  diluted  acetic  acid  (distilled  vinegar).   It^.?|^^^ 
nsy  be  formed  also,  in  a  state  of  impregnation  with  carbo-*^*" 
oic  acid,  by  adding  diluted  acetic  acid  to  the  carbonate 
contained  in  a  phial,  which  must  then  be  tighdy  corked.  In 
this  way,  the  carbonic  acid,  which  would  otherwise  be  ex- 
tricated, is  made  to  uoite  with  the  dissolved  acetate,  whereby 
the  latter  is  rendered  more  pleasant  as  a  medicine. 

9.  The  solution  of  acetate  of  ammonia  is  a  very  valuable  Me<ri«ai 
aedicine.  It  operates  as  a  powerful  sodorific,  without  quick-  Pi^<>P«'^>^ 
ening  the  circulation  or  increasing  the  heat  of  the  body.  In 
pmurbed  states  of  the  stomach  it  acts  very  effectually  in 
nlming  the  irritation  of  this  organ.  It  is  more  particularly 
luited  to  advanced  stages  of  inflammatory  fevers,  where 
the  skin  remains  obstinately  dry.  The  medium  dose  is  half 
In  ounce. 

XXIII.  Tartrate  of  Ammonia.^^T\A%  salt  has  a  cooling 
bitter  taste,  like  that  of  nitrate  of  potash  (nitre).  It  is  very 
tduble  in  water. 

XXIV.  Benzoate  of  Ammonia.'^This  is  a  very  soluble, 
difficultly  crystallizable  and  deliquescent  salt.  It  precipitates 
tioae  of  the  salifiable  bases  from  their  solutions,  except  the 
Oxides  of  iron,  tellurium,  mercury,  and,  perhaps,  of  copper: 
Iron  is  thrown  down  of  an  orange  colour,  and  the  other 
ifeietals,  white.  From  this  circumstance,  it  has  been  recom- 
llncnded  as  an  excellent  re-agent  for  the  detection  of  iron. 

XXV.  Citrate  of  if  mm^nta.— This  salt  may  be  formed  by  citnte  of 
clisaolving  carbonate  of  ammonia  in  citric  acid.   Its  taste  is  ammmiM. 
pooling  and  moderately  saline.  It  is  not  crystallizable,  unless 
Ktt  solution  be  evaporated  to  the  consistence  of  a  thick  syrup. 
^\n  extemporaneous  solution  of  this  salt  in  water  may  be  ob* 
^gtincd  by  dissolving  carbonate  of  ammonia  in  lemon  juice. 

is  solution,  if  swallowed  during  the  extrication  of  the 
acid,  forms  a  very  excellent  effervescing  draught. 


Besides  the  salts  of  ammonia,  already  described,  there  List  of  niti 
ave  been  more  or  less  examined,  the  selenate,  hydrosele-  ^JJJ^^Jl 
,  tellurate,  borate,  phosphite,  hypophosphite,  arseniate,  ed. 
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B«ios  I.  anenite,  chrontte,  molybdate^  tuogstate,  anthnoiiiasey  fa^ 
m.'>m^  n.  mate,  sorbatc,  sadactate,  mellate,  camphorate,  malate,  lac- 
tate, moroxyhtte,  suberate,  sumate  and  boletatei  but  these 
salts  are  of  too  Uttle  importance  to  be  described*  The  re* 
maining  salts  of  ammoiiia,  amounting  in  number  to  IS^mt 
unknown. 

General         The  salts  of  ammonia  agree  in  the  foHowing  particidais: 
SfX'^i      1.  They  are  nearly  all  soluble  in  water. 
of  ammo-        2.  They  are  decomposed  by  potash  and  lime,  which  cause 
">*-  them  to  emit  an  ammoniacal  smell. 

3«  They  are  dissipated  by  the  action  of  heat,  unle»  they 
contain  a  fixed  metallic  acid;  in  which  case  such  acid  akoe 
remains  behind* 

4.  They  are  precipitated  of  an  orange  colour,  by  solutJOM 
of  platinum. 


SECTION  11. 

SALTS  OF  POTASH. 

Saiu  ot*     Salts  or  Potash  are  combinations  of  the  diflferent  sciii 


S^i^t'^e^.  with  the  salifiable  base  potash.  The  following  art  chl 
poondi.  most  important  of  these  compounds. 

L  CHLORATE  OP  POTASH. 

(Formerly  called,  Uyperoocymuriate  o/PoUuh,^ 

Chlorate  of  1.  This  salt  may  be  formed  by  saturating  carbonate  of 
Row  obtain- P°^^^^'  diluted  vith  SIX  times  its  weight  of  water,  with 
ed.  chlorine  gas.    Crystals  form  in  the  solution,  which  consist 

of  chlorate  of  potash.    They  may  be  purified  bv  solution  ia 
boiling  water  and  subsequent  crystallization.  Thia  salt  was 
discovered  by  Berthollet. 
Proper-         2.  Chlorate  of  potash  has  a  cooling,  austere  and  disagreea- 
ties.  ble  taste.   It  is  soluble  in  16  parts  of  cold  water,  and  in  Si 

parts  of  boiling  water.  Its  specific  gravity  is  1  *989.   When 
rubbed  smartly,  it  emits  a  number  of  sparks.   It  is  not 
altered  by  exposure  to  air.   When  heated  to  redneas,  it 
gives  out  one-third  of  its  weight  of  very  pure  oxygen  gas^ 
and  is  converted  into  chloride  of  potassium  (muriate  of 
Explodes    potash).    It  explodes  violently  with  almost  all  combustible 
with  com-  substances.  When  triturated,  in  a  mortar,  with  one-third  of 
iifti  et.    .^^  weight  of  sulphur,  a  violent  explosion  takes  place*   The 
same  effect  is  produced,  when  a  similar  mixture  is  struck 
with  a  hammer  on  an  anvil.  The  detonating  property  of 
this  salt  suggested  its  use  to  Berthollet  as  a  substitute  for 
nitre  in  the  manufacture  of  gunpowder;  but  an  accident, 
which  occurred  in  the  first  experiment,  and  which  coca- 
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die  death  of  two  persons,  proved  it  too  liable  to  Chav.iy. 

crplqaiop  to  be  employed  as  a  constituent  of  this  compound. 

TUs  salt  detonates  also  with  phosphorus,  either  by  friction 

or  percussion:  but  the  quantities  used  of  these  substances 

awst  not  exceed  a  grain,  otherwise  the  explosions  might  he 

Wtmded  with  injury.  It  likewise  detonates,  when  treated 

is  die  same  way,  with  most  of  the  metals,  and  with  sugar, 

gums,  oils  and  alcohoL  When  triturated  in  a  mortar  with  a 

ncce  of  cotton  cloth,  small  and  repeated  explosions  are 

peard;  and  if  the  cloth  be  pcrfecdy  dry  and  a  litde  warm, 

it  tometimcs  takes  fire.  When  nitric  acid  is  poured  upon  a 

mixture  of  this  salt  and  phosphorus,  inflammadon  takes 

place,  and  flakes  of  fire  are  emitted,  at  intervals,  for  some 

3.  Chlorate  of  potash  is  composed  of  Compoii- 

Chloric  acid       76— one  atom.  '""' 

Potash  48— one  atom. 

Giving  124  for  the  number  representing 
die  weight  of  its  atom. 

4.  A  solution  of  the  chlorate  of  potash,  under  the  name  Employed 
sfoiy muriatic  alkaline  water,  is  an  officinal  preparation  of  ||[^^^' 
die  Dublin  college.  It  has  been  employed  in  the  treatment 

sf  syphiUs,  under  the  influence  6t  the  theory  that  anti- 
vtamal  remedies  are  efficacious  in  consequence  only  of 
the  oxygen  which  they  contain.  It  has  been  used  also  in 
tj^phns  and  in  scurvy  as  an  oxidizing  remedy.  The  trials 
which  have  been  made  with  it,  in  these  diseases,  have  not 
lealized  the  expectations  entertained  of  its  powers. 

II.  Oxychloratt  of  Potaah^^^Percklorate  of  Potash  of  Oxjchio- 
Ihomsonl— This  salt  is  formed  by  treating  a  small  quan-  "{^  if  ^ 
tity  of  chlorate  of  potash  (50  grains)  with  three  or  four  ^t^ned. 
times  its  weight  of  strong  sulphuric  acid;  an  intense  action 
takes  place,  and  the  whole  assumes  a  yellow  colour.   After 
the  first  violent  action  is  over,  which  is  occasioned  by  the 
extrication  of  deutoxide  of  chlorine,  apply  heat  to  the  mix- 
ture, until  its  yellow  colour  disappears,  and  let  it  stand  to 
crystallize.  The  salt  obuuned  is  oxychlorate  of  potash,  mixed 
with  some  bisulphate  of  potash.  The  bisulphate  may  be 
separated  by  dissolving  the  crystals,  and  submitting  diem 
to  a  second  crystallization. 

This  salt  was  first  obuined  by  Count  Von  Stadion,  who  Proper 
discovered  it  to  be  composed  of  a  peculiar  acid,  previously  ^^^ 
unknown,  united  to  potash.  It  has  a  weak  taste.  It  is  not 
altered  by  exposure  to  the  air.  It  dissolves  in  55  parts  of 
cold  water,  and  in  a  smaller  quantity  of  boiling  water. 
When  triturated  in  a  mortar  with  sulphur,  it  detonates 
feebly.  When  heated  to  the  temperature  of  412°,  it  is 
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Book  I.   decomposed  into  chloride  of  potassium  (muriate  of  potash) 
IMvMioo  ii.  und  oxygen  gas.   When  mixed  with  its  own  weight  of  sul- 
phuric acid,  and  exposed  to  a  heat  of  88GP,  in  a  retort,  it 
is  decomposed;  sulphate  of  potash  is  formed,  and  its  pecu- 
liar  acid  distils  over. 
Noiuch         III.  Hydrochlorate  of  Potash  Axit^  not  tx\9X.  When  hy- 
uit  u  hj-  drochloric  acid  and  potash  come  in  contact,  they  mutually 
rate  of  pot- decompose  each  other.  The  hydrogen  of  the  acid  combines 
**^'  with  the  oxygen  of  the  potash,  forming  water;  while  the 

chlorine  of  the  former  combines  with  the  metallic  radical 
of  the  latter,  and  forms  chloride  of  potassium.  ThiscUbride 
is  usually  known  by  the  name  of  muriate  of  potash. 
lodtie  of        IV,  lodate  of  Potash. — ^This  salt  may  be  obuined  by 
V^**^'       dissolving  iodine  in  a  solution  of  potash,  and  digesung 
the  crystals  thereby  formed  in  alcohol,  to  dissolve  away 
some  hydriodate  of  potash,  with  which  they  are  mixed.  Thry 
then  consist  of  pure  iodate  of  potash.  This  salt  is  not  altered 
by  exposure  to  air.  When  heated  to  redness,  it  is  decom- 
posed, oxygen  gas  is  evolved,  and  iodide  of  potassium  re- 
mains behind. 
Hjdrio-  V.  Hydriodate  of  PofosA.— This  salt  may  be  formed 

date.  y^y  dissolving  carbonate  of  potash  in  hydriodic  acicL  Ao 
effervescence  takes  place,  and  a  solution  of  the  salt  is  ob- 
tained. It  exists  in  solution  only.  Whenever  the  attempt  is 
made  to  obtain  it  in  crystals,  it  becomes  decomposed^  and 
crystals  of  iodide  of  potassium  are  formed. 

VI.  SULPHATE  OF  POTASH. 

(Formerlj  called,  Vitriolated  Tartar  ^Vitriolated  Vegetable  AlkaB, 
Old  names,  Sal  de  duulnia. — iHal  PolychreatUM  Glateri^  kc.) 

Sulphate  of  1*  This  salt  may  be  formed  by  saturating  a  diluted  solu- 
potaih;  (Jqq  Qf  potash  with  sulphuric  acid,  and  exposing  the  liquid 
ed.  formed  to  slow  evaporation,  until  crystals  make  their  ap- 

pearance. 
Prepara-         2.  For  the  purposes  of  medicine,  this  salt  is  not  often 
tkm  for  use  prepared  by  the  direct  combination  of  its  constituents.   A 
cinT.^  *'     sulphate  of  potash  is  very  often  formed  in  the  residuum  of 
various  pharmaceutical  processes;  and  may  be  obtained  very 
economically.  In  the  formation  of  the  fuming  nitrous  acia, 
which  is  effected  by  the  decomposition  of  nitrate  of  potash 
(nitre)  by  means  of  sulphuric  acid,   the  residi\um    is  a 
supersulphate  of  potash.  By  saturating  this  supersulphate 
with  carbonate  of  potash,  dissolving  it  in  warm  water,  and 
crystallizing  it,  pure  sulphate  of  potash  may  be  obtained. 

3.  This  salt  may  be  obtained  also  by  double  decomposi- 
tion from  carbonate  of  potash  (salt  of  tartar)  and  sulphate 
of  iron  (green  vitriol).   When  the  sulphate  of  iron  in  solu- 
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tion  IS  added  to. a  solution  of  carbonate  of  potash;  a  very  Ciav.iv. 
pure  carbonate  of  iron  precipitates,  while  sulphate  of  potash  '" 

reaains  in  solution.  In  this  way  the  operator  may  obtain 
two  useful  medicinal  preparations  in  one  chemical  process. 
4.  It  may  be  mentioned,  that,  in  addition  to  these  methods, 
sulphate  of  potash  may  be  obtained  from  the  residuum  of 
the  process  laid  down  by  the  colleges  for  obtaining  carbo- 
nate of  magnesia  (common  magnesia).  It  is  directed  to 
decompose  sulphate  of  magnesia  (Epsom  salt)  by  means 
of  carbonate  of  potash.  A  carbonate  of  magnesia  is  precipi- 
tated, while  a  sulphate  of  potash  remains  in  solution. 

S*  When  equal  parts  of  nitre  and  flowers  of  sulphur  are  Sal  poiy- 
mised  together  and  deflagrated  in  a  red-hot  crucible,  the  fo^*^. 
resulting  mass  is  a  salt,  which  is  called  sulphate  of  potash 
with  sulphur,  or  sal  polychrest.  As  this  salt,  when  examin- 
ed, is  not  found  to  differ  from  sulphate  of  potash,  this  the  tame  as 
name  cannot  be  correctly  applied  to  it.  The  rationale  of  its  JJ^^^Jl^*^ 
formation  would  seem  to  be,  that  the  sulphur,  after  being 
acidified  at  the  expense  of  the  decompos(.d  acid  of  the 
nitrate,  combines  with  the  potash  of  this  salt.    Hence,  sal 
polychrest  may  be  considered  as  nearly  synonymous  with 
sulphate  of  potash. 

6«  Sulphate  of  potash  is  in  the  form  of  small,  transparent,  Propertiet 
very  hard  crystals.  It  has  a  disagreeable  bitter  taste.  It  dis  ^  '"y[^^^ 
solves  in  16  times  its  weight  of  cold  water,  and  in  5  times 
its  weight  of  boiling  water.   Exposure  to  the  air  produces 
no  alteration.  It  decrepitates  when  placed  on  burning  coals. 

7'  In  medicine,  it  is  used  in  small  doses  as  an  aperient;  Medical 
in  large  ones  (four  or  five  drachms)  as  a  mild  cathartic,  propertic*. 
Combined  with  ipecacuanha  and  opium,  it  forms  the  powder 
of  ipecacuan  and  opium,  formerly  called  Dover's  powder. 
'  VII.  Sulphite  ofPotash.^Siilphurcms  Salt  of  StahL—ThhSvi\v\i\ie  of 
salt  may  be  formed  by  passing  sulphurous  acid  into  a  satu-  P°^**"- 
rated  solution  of  carbonate  of  potash,  until  all  effervescence 
ceases.  It  is  in  the  form  of  white  transparent  crystals.  Its 
taste  is  penetrating  and  sulphureous.   It  is  soluble  in  its 
own  weight  of  cold  water.   When  exposed  to  the  air,  it 
scarcely  changes  its  appearance,  and  is  gradually  converted 
into  sulphate  of  potash. 

VIII.  Htjdrosulphate  of  Potash. — Usual  chemical  name,  Hydrosul- 
Hydromlphuret  of  Potash. — ^This  salt  may  be  formed  by  ^^^^^ 
saturating  potash  with  hydrosulphuric  acid;  or  by  dissolv-  ^^ 
ing  sulphuret  of  potash  in  water.  It  is  in  the  form  of  trans- 
parent colourless  crystals,  not  unlike  those  of  sulphate  of 
soda  (Glauber's  salt).   Its  taste  is  alkaline  and  extremely 
bitter.   In  the  air,  it  deliquesces  into  a  syrupy  liquid,  and 
is  converted  into  sulphate  of  potash.  In  the  form  of  crys- 
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BpoxL   tals,  it  has  no  smell;  but,  after  having  deliquesced,  it  emits 

Dlfiiionn.  a  y^fy  f^d  odour*  It  is  decomposed  by  acids,  hydroeul- 

Medioti     phuric  acid  being  evolved  with  violent  effervescence.  It  has 

^"^         been  used  intemalKr  as  an  antidote  to  metallic  pcnaons  and 

for  the  purpose  of  restraining  excessive  saUvations,  and 

in  cutaneous  affections.  It  has  been  used  successfully  for 

the  cure  of  tenia  capitis  and  psora*  It  was  this  salt  whidi 

was  recommended,  in  the  treatise  on  croup,  by  one  of  die 

successful  candidates  for  the  prize  proposed  by  BonqMUte 

for  the  best  dissertation  on  this  disease. 

Hfdrofiii-       IX.  HydrosiUphite  of  /%fa»A.-— Usual  chemical  name, 
P^        HydrogureUed  Sulphuret  of  PotofA-— This  salt  may  be 
formed,  to  all  appearance  the  same,  by  different  prooessei, 
but  differing  somewhat  in  the  quantity  of  sulphuretted  1^ 
drogen,  which  it  may  yield  by  means  of  acids.  It  may  be 
formed  by  mixing  together  hydrate  of  potash  and  llowen 
of  sulphur  in  a  phiaL  It  is  also  formed,  when  liquid  potarfi 
is  kept  ten  or  twelve  hours  upon  flowers  of  sulphur,  or 
when  sulphuret  of  potash  is  moistened  with  water.  Tlie 
formation  of  the  salt  depends  upon  the  decompoMtion  oC 
water,  and  the  consequent  production  of  a  portion  of  hydros 
sulphuric  acid,  which,  combining  with  an  additionaL^ordotB- 
of  sulphur,  becomes  hydrosulphurous  acid  (hydrogurettec^ 
sulphur^  and,  thus  altered,  unites  with  the  potash.  It  is  in  th^ 
form  of  a  liquid  of  a  deep  red  colour.  Sometimes  it  ha» 
no  smell;  at  other  times  it  exhales  the  smell  of  radishes^ 
and  after  being  kept,  that  of  hydrosulphuric  acid.  Its  tast^ 
is  acrid,  and,  as  it  were,  bitter  and  cooling.  It  attacks  alL 
metals  with  great  energy,  converting  them  generally  to  th^ 
state  of  sulphurets. 

Hyilrotal-       The  hydrosulphates  and  hydrosulphites  of  the  alkaline 
DhatM  and  salifiable  bases  have  the  property  of  precipitating  all  metal- 
pLtctof'    ^ic  solutions,  except  that  of  rhodium;  some  modification  of 
^kalinc'      the  acids  of  these  salts,  falling  down  in  combination  with  the 
atmetame  ^^^  present.   Hence  they  become  very  valuable  tests  df 
preeipi-      mctaUic  bodics;  more  especially  as  they  do  not  precipitate 
opMbUj    ^3^  ^^  ^^  earthy  salifiable  bases,  except  alumina  and  zir- 
thetwobitconia;  and  these  are  thrown  down  in  combination  with  the 
d^ribed.  bgg^  of  the  hydrosulphate  or  hydrosulphite  employed,  hy- 
drosulphuric acid  (sulphuretted  hydrogen)  being  at  the 
same  time  evolved.   As,  in  these  precipitations,  the  two 
last  described  salts  are  generally  preferred,  a  table  of  the 
precipitates  produced  by  them  is  annexed. 
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Table  of 

Metak 

^m     W  Vf vVv^V^^W^F W    ■^^P 

FrtdpUtaedhf 

^ftCUUS* 

Hjdrotalpluite  of  potaslk 

Hydroiiilphite  of  petaak. 

tbcirpreal- 
pttadoni. 

Aneaioi 

Yellow. 

Yellow. 

Green. 

MolybdciisnL 

Reddbh-brown. 

Coiwi»bimBi 

CbooolaU. 

AntiiDOoy. 

Orange. 

Blade? 

Blaek. 

Orange-yellow. 

Tdtarioin. 
Uitm* 

Deep-brown^  or  blMk. 
Blaek,  beeoming  ytUow. 

JNiekel. 

Blaek. 

Blaek. 

•Cobalt. 

Blaek. 

Blaek. 

UfaagMieae. 

White. 

White. 

■ 

Cerittm. 

Brown. 

Uraniom. 

Brown. 

ZiM. 

White. 

White. 

lAvCWv 

Blaek. 

White,  beeoming  bh^k. 

rnn. 

Blaek. 

Blaek. 

ICopper. 

Blaek. 

Brown* 

B^^f _    _     _• 

Blaek. 

Blaek. 

Uferaiiiy. 

Brown-blaek. 

Brown,  beeombg  blaek. 

Mlvcr. 

Blaek. 

Blaek. 

■Gold. 

Blaek. 

Blaek. 

Platiavm. 

Blaek. 

Blaek. 

FriMtani. 

Blaek. 

THaakim. 

Graia-freen. 

By  the  above  table,  it  18  perceived  that,  in  some  cases, 
the  metal  in  solution  may  be  distinguished  by  the  colour  of 
the  precipitate  formed. 


X.  NITRATE  OF  POTASH. 

(Common  names,  Mtrc^-^SkUipetre.) 

1«  The  chemist  is  not  under  the  necessity  of  forming  mmte  or 
this  salt  by  direct  combination.  It  is  found  native  in  differ-  P^^* 
cat  parts  of  the  world,  particularly  in  the  East  Indies,  and  tifieiaiiy^n 
in  the  United  States.  It  is  formed  artificially,  in  France  and.nHrebcd«i 
Germany,  in  what  are  called  nitre  beds,  which  consist  of 
putrefying  animal  and  vegetable  remains,  mixed  with  some 
calcareous  substance,  and  exposed  to  a  dry  atmosphere;  a 
ceitmn  degree  of  heat  is  also  necessary.   It  is  extracted 
from  these  materials,  when  formed  in  sufficient  quantities, 
by  lixiviation  and  crystallization. 

S.  It  is  not  easy  to  understand  the  manner  in  which  this  Manner  of 
salt  is  formed  in  artificial  nitre  beds.  Since  the  discovery  ^f^^^u^^Sr 
Ae  constituents  of  nitric  acid,  it  may  not  be  difficult  to  eipiSniS. 
account  for  the  formation  of  the  acid  of  the  salt.  It  is 
generally  supposed  that  azote,  in  the  nascent  form,  extricat- 
ed from  the  putref}ring  animal  substances,  combines  with 
the  oxygen  of  the  air.  The  potash,  perhaps,  is  derived 
from  the  vegetable  part  of  the  bed,  and  from  the  soiL 

3.  Nitrate  of  potash  is  in  the  form  of  pretty  large  crys-  Frapertici. 
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tals,  of  a  sharp,  bitterish,  cooling  tastet  It  is  soluble  in 
seven  times  its  weight  of  cold  water,  and  in  rather  less 
than  its  own  weight  of  bpiling  water.  It  is  not  altered  by 
exposure  to  air.  Its  specific  gravity  is  1*935* 

4.  When  this  salt  in  solution  is  exposed  to  a  boiling 
heat,  it  is  in  part  evaporated  along  with  the  water.  When 
subjected  to  a  strong  heat,  it  melts,  and  congeals  upon 
cooling  into  an  opaque  mass.  When  heated  to  rcnlness,  it 
begins  to  disengage  oxygen  gas;  and  if  the  same  heat  be 
kept  up  for  some  time,  about  one*third  of  its  weight  of 
this  gas  may  be  obtained.  Afterwards,  if  the  heat  be  con- 
tinued, azotic  gas  is  evolved. 

5.  When  mixed  with  combustibles,  it  detonates  violently* 
When  thrown  into  a  red-hot  crucible  with  an  equal  quan* 
tity  of  charcoal,  a  detonation  and  most  brilliant  combus- 
tion take  place.  The  charcoal  becomes  acidified,  and  at  the 
same  time  the  nitric  acid  is  entirely  decomposed;  while  th^ 
fixed  product  is  carbonate  of  potash.  The  carbonate  of  pot" 
ash,  when  thus  formed,  was  formerly  called  nitre  fixed  h^ 
charcoaL   When  phosphorus  is  used  instead  of  charcoal,  ^ 
more  violent  detonation  is  produced.    It  is  capable  of  oxi-*" 
dizing  all  the  metals;  not  excepting  gold  or  platinum* 

6.  Nitrate  of  potash  is  composed  of 

Nitric  acid         54— one  atom. 
Potash  48*-one  atom. 

Giving  102  for  the  number  represent-^ 
ing  the  weight  of  its  atom. 

7*  Nitrate  of  potash  has  many  uses  in  the  arts.  It  is  this 
salt,  which  furnishes  all  the  nitric  acid,  which  is  manufac- 
tured. When  burnt  with  bitartrate  of  potash  (tartar),  it  fur- 
nishes a  very  pure  carbonate  of  potash.  It  is  very  useful  in 
the  assaying  of  various  ores,  and  in  the  analysis  of  many 
animal  and  vegetable  substances.  But  by  far  its  most  im- 
portant use  is  as  a  constituent  in  gunpowder.  One  hundred 
parts  of  this  powder  are  composed  of 

76  parts  of  nitrate  of  potash. 

15  charcoal;  and 

9  sulphur. 

In  the  formation  of  gunpowder,  these  ingredients  are 
first  separately  reduced  to  a  fine  powder,  then  mixed  inti- 
mately, and  formed  into  a  paste  with  water.  After  this  paste 
has  dried  a  little,  it  is  forced  through  a  kind  of  sieve.  It  is 
in  this  manner  reduced  to  grains  of  a  determinate  size.  The 
powder,  when  thus  prepared,  is  dried,  and  then  subjected  to 
a  rotaVy  motion  in  barrels,  which  are  turned  on  their 
axes.  By  this  operation,  the  grains  constantly  rub  against 
each  other,  and  become  in  some   degree  polished.  After 
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indcrgoing  the  procefls  last  mentioned,  it  is  called  glazed  Crap.iv. 
^npowder.  — — — 

llie  explosion  of  gunpowder  in  the  open  air  is  familiar  Explodes 
JO  every  on«;  but  it  has  this  same  proper^,  when  heated,  to  ■<*  ^^^uo, 
he  requisite  point,  even  in  a  vacuum.  The  gaseous  products  Producu  of 
of  the  combustion   of  gunpowder  are  carbonic  acid  gas,*^^^^'^' 
izotic  gas,  sulphurous  acid  gas,  and  probably  hydrosulphu- 
lic  acid  gas,  (sulphuretted  hydrogen)*  The  fixed  products 
are  potash  combined  with  a  small  portion  of  carbonic  acid, 
sulphate  of  potash,  a  small  quantity  of  sulphuret  of  potash, 
and  unconsumed  charcoal. 

Nitrate  of  potash,  deflagrated  in  a  crucible  with  bitartrate  Nitrate  of 
of  potash  (tartar),  forms  white  and  black  flux.  When  these  J^*5'^  " 
salts  are  used  in  equal  parts,  the  product  of  the  deflagration  forming 
IS  a  mixture  of  carbonate  of  potash  and  pure  potash,  or  ^^'^^  •^ 
ivhite  flux.   When  the  proportions  used  are  two  parts  of     ^     *"' 
bitartrate  of  potash  and  ohe  part  of  nitrate  of  potash,  the 
Product  is  a  mixture  of  carbonate  of  potash  and  charcoal, 
>r  black  flux.  The  charcoal  in  these  processes  is  furnished 
^y  the  decomposition  of  the  tartaric  acid. 

8.  Nitrate  of  potash  is  very  extensively  employed  in  me-  It  pottesm 
lirine.    Its  general  operation  is  that  of  an  antiphlogistic  JUJ!2i2JI]JJ 
"emcdy.  It  diminishes  the  heat  of  the  body  and  the  fulness  powers. 
h{  the  pulse.   It  increases  the  secretion  of  both  sweat  and 
irine,  and  acts  upon  the  bowels  so  as  to  keep  them  in  a  so- 
uble  condition.  Its  use,  however,  canno(pbe  long  continued 
without  danger  of  injuring  the  stomacn.  The  usual  dose  is 
rem  ten  to  twenty  grains,  repeated  every  two  or  three  hours 
luring  the  day.  In  larger  doses  of  an  ounce,  to  which  ex- 
tent it  has  been  taken  on  some  occasions  bv   mistake  for 
lulphate  of  soda  (Glauber's  salt),  it  produces  very  alarming 
symptoms,  such  as  vomiting  and  purging  of  blood,  and  con- 
vulsions, which  sometimes  terminate  fatally. 

Potash  combines  in  two  proportions  with  carbonic  acid,  and  Potuh 
forms  carbonate  and  bicarbonate  of  potash.  MitTw^rh 

ciirboiuo 
XI.  CARBONATE  OF  POTASH.  acid. 

OM  namely  Fixed  Mtrct-^Salt  of  Tartar^-^-Mild  Vegetable  AlkalL 

1.  This  salt  may  be  obtained  by  incinerating  bitartrate  of  i.  Carbo- 
poUsh  (tartar).  In  this  operation,  the  tartaric  acid  of  Ae^f  J^P°^- 
bitartrate  is   wholly  decomposed,  and  the  carbonic  acid,  obtained. 
formed  during  its  decomposition,  combines  with  its  potash. 

When  obtained  by  this  process,  it  was  formerly  called  salt 
of  tartar. 

2.  It  may  be  obtained  also,  tolerably  pure,  by  exposing 
impure  carbonate  of  potash  (the  pearl  ash  of  commerce)  to 
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Book  h   a  low  red  heat,  in  order  to  bum  off  the  combustibk  tiii|iu- 
PwM>op  "•  rities,  and  afterwards,  by  mixing  the  mats  obtained  with  an 
equal  weight  of  water,  allowing  the  drep  to  aubaide,  de- 
canting the  pure  liquor,  and  evaporating  it  to  diyneaa  in  an 
iron  vessel. 
Hov  Ob-         3-  Carbonate  of  potash,  in  the  large  way  and  for  the  pur- 
tallied  in     poscs  of  commerce,  is  prepared  by  lixiviating  the  nahea  of 
^jl^^    vegcubles,  in  barrels,  first  with  cold  water,  and  afterwards 
with  hot.  The  liquor  formed,  after  being  filtered,  »  eva- 
porated to  dryness  in  an  iron  pot.  The  dry  mass  dina  ob- 
tained is  called  potashes,  and  has  a  brown  or  UadL  colour, 
owincp  to  the  presence  of  some  vegetable  matters.  To  get 
rid  of  these  matters,  the  potashes  are  exposed  to  heat,  in  t 
reverberatory  furnace,  whereby  every  thing  combustible  u 
dissipated,  and  the   mass,  made  to  assume  a  light  gm 
colour.  In  this  stage  of  its  purification,  carbonate  of  pouna 
is  called  pearl  ash. 
Ctrbontte       Carbonate  of  potash  of  commerce,  besides  the  pure  car^ 
ofeom-      bonate,  contains  the  sulphates  of  potash  and  lime,  and  chlo* 
^^mpu.'  ride  of  potassiuni  (muriate  of  potash.) 
litict.  4.  Impure  carbonate  of  potash  (potashes  of  commerce)  is 

prepared,  in  the  largest  quantities,  in  the  United  States  and 
in  Canada,  and  on  the  shores  of  the  Baltic;  in  which  parts 
of  the  world,  immense  forests  furnish  inexhaustible  mate- 
rials for  the  formation  of  this  important  substance. 
Chemical        ^*  Carbonate  of  potash  was  long  considered  to  be  a  simple 
^^^w^  ^    substance.  Its  causticity,  produced  when  treated  with  lime, 
?pota!th^    was  not  suspected  to  depend  upon  a  decomposition.  Meyer 
renuuned    of  Germany  explained  this  circumstance  by  supposing  that 
unknowii?^  there  became  combined  with  common  potash,  when  convert- 
ed to  the  caustic  state,  a  certain  acid,  which  was  separated, 
whenever  it  lost  its  causticity.  This  same  theory,  he  applied 
to  lime.  It  was  reserved,  however,  for  Black  to  give  the  true 
explanation  of  the  difference  between  Caustic  and   mild 
potash,  in  consequence  of  his  discovery  of  carbonic  acid. 
Itsproxi-    This  chemist  ascertained,  that,  when  common  potash  is 
mate  con-   made  caustic  by  lime,  the  carbonic  acid  of  the  former  is 
du^ered  transferred  to  the  latter,  which  thereby  becomes  carbonate 
bj  Black,    of  lime  (chalk);  and  that  common  potash,  deprived  of  its 
carbonic  acid,  becomes  caustic  potash.   Black,  therefore, 
may  be  considered  as  the  discoverer  of  the  proximate  con- 
stituents of  carbonate  of  potash. 
Properties      6.  Carbonate  of  potash  has  a  strong  alkaline  taste,  and 
^<^*^'     acts  with  considerable  energy  upon  animal  and  vegetable 
snh!  substances.  When  exposed  to  the  air,  it  deliquesces  and  as« 

sumes  the  consistency  of  an  oil.  It  does  not  absorb  carbonic 
acid  irom  the  atmosphere. 
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7«  The  solaium  of  the  carbonate  of  potash  is  an  officinal  Cbap.  i v. 
prcpandoo.  When  obtained  by  exposing  the  carbonate  to  uTwuitionj 
the  aUDoaphere,  in  a  moist  place,  it  was  formerly  called  mi  officinal 
okum  tartari  per  dekqwum  (oil  of  tartar  by  deliquescence).  S^*^' 
It  ia  in  this  way  that  it  is  prepared  by  the  London  college, 
under  the  name  of  water  of  prepared  kali.  The  Dublin  col- 
kge  ibrm  the  solution  by  dissolving  the  common  carbonate 
of  potash  in  an  equal  weight  of  water,  and  call  it  mild  ley. 
It  woold  be  preferable  to  form  it  by  dissolving  the  crystal- 
lixed  carfaooate  in  a  determinate  quantity  of  water. 

8.  Carbonate  of  potash  is  composed  of  Compoii- 

Carbonic  acid        23-— one  atom.  ^"^ 

Potash  46— one  atom. 

Giving  70  for  the  number  represent- 
ing die  weight  of  its  atom. 

^  Carbonate  of  potash  is  frequendv  used  in  medicine.  Medieai 
It  is  a  very  powerful  diuretic,  and  has  considerable  in-  P'^'P®'^^' 
lamce  over  the  hepatic  system.  It  is  very  much  employed 
in  the  formation  of  effervescing  mixtures,  which  consist  of 
^  carbonate,  dissolved  in  some  diluted  acid.  For  this  pur« 

Kvincgsff  cyder,  or  lemon  juice  may  be  employed, 
e  acid  liquors  displace  the  carbonic  acid,  creating  the 
dervescence,  during  which  the  medicine  must  be  swidlow- 
ed.  The  principal  intention  of  these  mixtures  is  to  calm  ir- 
ritsuon  of  the  stonuuJu 

Xn.  BICARBONATE  OP  POTASH. 

1.  This  salt  may  be  formed  Iw  passing  carbonic  acid  9.  Bitubo* 
dvough  a  solution  of  carbonate  of  potash,  until  it  refuses  J^f  ho^' 
Id  absorb  any  more;  or  by  distilling  the  carbonate  of  potash  obtiined. 
vidi  carbonate  of  ammonia.  In  this  process  the  carbonate 
of  potash  always  lets  fall  a  portion  of  silica.  This  salt  is  not 
Idiquescent  like  the  carbonate,  but  remuns  unaltered  in 
die  air.  Its  taste  is  alkaline,  but  not  caustic.  It  dissolves  in 
four  times  its  weight  of  cold  water,  and  in  a  much  smaller 
foaotity  of  hot  water.  Heat  deprives  it  of  water  and  a  part 
of  Its  acid,  but  does  not  decompose  it  entirely. 

8.  Bicarbonate  of  potash  is  composed  of  Compoii 

Carbonic  acid  44-— two  atoms*  ^^* 

Potash  48— one  atom. 

Giving  92  for  the  number  represent- 
ing the  weight  of  its  atom. 

S.  This  salt  in  solution  constitutes  the  solution  of  the  MwHoil 
snpei^carbonate  of  poush  of  the  Edinburgh  college.   For 
internal  use,  it  is  a  much  preferable  preparation  of  potash, 
to  tiie  deliquesced  or  dissolved  carbonate;  being  mudi  more 
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Book  I.  pleasant  to  the  taste,  and  less  apt  to  oSend  the  atomach.  It 
PivUion  11. 13^  iq  fuct,  the  Only  preparation  of  potash,  which  can  be  given 
in  large  doses  conveniently,  for  any  length  of  tinne,  hi  cal- 
culous cases.  When  diluted  to  the  degrree  directed  by  the 
Edinburgh  college,  it  may  be  taken  to  the  extent  of  six  or 
eight  ounces,  two  or  three  times  a  day. 

formt  two  Pbtash  combines  in  two  proportions  with  arsenic  acid,  and 
suiu  with        forms  arseniate  and  binarseniate  of  potash. 

tnenictoid.  "^ 

1.  Aneni.        XIII.  Arsentatc  of  Potash  may  be  obtained  by  taturatiDg 

ate  of  pot-  carbonate  of  potash  with  arsrnic  acid.  It  is  an  uncrystalliza- 

ble  deliquescent  salt.  It  is  not  used  in  medicine. 

XIV.  BlNARSEiOATE  OF  POTASH. 

Jirsenical  JVeutral  Salt  of  Maoquer. 

2.Binar.         1*  Binarseniate  of  potash  may  be  formed  by  distilUng^ii 
seniate.       a  retort,  equal  parts  of  nitrate  of  potash  (nitre)  and  arBeni- 

ous  acid.  A  saline  mass  is  obudned,  which,  upon  solution  is 

hot  water  and  proper  evaporation,  yields  transparent  ays* 

tals  of  this  salt. 

2.  This  salt  is  soluble  in  water,  and  gives  a  red  coloarto 

vegetable  blues.  It  is  permanent  in  the  atmosphere.  It  is 

sometimes  used  in  medicine. 

XV.  ABSENITE  OF  POTASH. 

Anenite  of  !•  Arsenite  of  potash  may  be  formed  by  saturating  a  so- 
potash;  how  lution  of  carbonate  of  potash  with  arsenious  acid  (white 
^  ^°    '     oxide  of  arsenic).  It  is  in  the  form  of  a  yellow  viscid  liquid, 

which  does  not  crystallize. 
BUuted  2.  This  salt,  when  largely  diluted  with  water,  constitutes 

vith  water,  the  celebrated  arsenical  solution  of  Fowler. 
Fowler's  [l]  This  solution  is  formed  by  boiling  sixty- four  grains 
solution,  of  arsenious  acid  with  an  equal  quantity  oC  carbonate  of 
potash,  until  the  former  is  entirely  dissolved,  and  adding  so 
much  pure  water  as  will  increase  the  solution  to  one  pound* 
Arsenic  [2]  It  is  in  the  form  of  Fowler's  solution  that  arsenic  is 

generally    most  commonly  exhibited.   It  is  not  easy  to  explain,  in 
medicine*  general  terms,  the  operation  of  this  solution  upon  the  living 
in  this  form,  system,  or  that  of  any  of  the  preparations  of  arsenic,  when 
given  as  medicines.  It  is  very  often  prescribed  in  intermit' 
tent  fever,  over  which  disease  it  exerts  a  very  powerful  in- 
fluence. In  hectic  fever,  it  has  been  used,  on  many  occasions, 
with  temporary  advantage,  but  not  perhaps    with  lasting 
benefit.  The  medicine,  when  used  too  long  or  in  too  large 
doses,  is  very  apt  to  produce  anasarcous  sviellings,  the  ap- 
pearance of  which  is  the  signal  for  its  discontinuance. 
The  dose  of  the  solution  of  arsenite  of  potash  (Fowler's 
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solution)  18  from  two  to  twelve  drops,  twice  or  thrice  tday,  CaAf.iy. 
acomling  to  the  age  and  other  circumstances  of  the  patient*  ~ 

It  is  a  good  rule,  however,  always  to  begin  with  small 
doses,  and  afterwards  if  necessary  to  increase  them. 

XVI.  Hydrofluate  of  Potash. — Usual  chemical  name,  Hydraau. 
Fiuate  of  Potash.^^This  salt  may  be  formed  by  pouring  a*^<^P*^ 
solution  of  potash  into  hydrofluoric  acid.  A  combination 
takes  place  with  the  evolution  of  much  heat.  This  salt  has 
a  very  sharp  taste;  and  is  difficultly  crystallizable,  deliques- 
cent and  soluble.  When  exposed  to  heat,  it  first  undergoes 
the  aqueous  and  then  the  igneous  fusion. 

XV  H.  SUicoJiuate  of  Potaah.-^Fluostlicate  of  Potash  of  SOieoAiuitc. 
Dr.  Tnomson.— This  salt  may  be  formed  by  dropping  into 
a  solution  of  silicofluoric  acid,  a  solution  of  carbonate  of 
potash.  When  first  precipitated  it  is  gelatinous,  but  when 
dried  it  becomes  white  like  chalk.  It  has  an  acid  taste.  It 
is  soluble  in  about  150  parts  of  boiling  water;  and  it  partly 
precipitates  as  the  water  cools.  When  strongly  heated,  it 
loses  its  acid«  and  melts  into  a  glass.       ^ 

XVIII.  Sulphocyanate  of  Potash.'^^This  is  a  deliques- Saiphooy- 
cent  salt,  which  is  capable,  according  to  Porrett,  of  uniting  *^^ 
with  cyanodide  of  mercury,  and  forming  a  compound  in  the 
Form  of  crystals  of  a  beautiful  silvery  lustre. 

XIX.  FERROCYANATE  OP  POTASH. 

TTsoal  diemioal  names,  Pnuriate  of  Potaah-and-Iron — Triple  JPrutnate  of 
Poiaah. — Old  names,  Pruutan  jilkalp—PhiogUticated  MkalL 

1.  This  salt  may  be  formed  by  the  following  process:  Ferraejan- 
Dissolve  potash,  quite  pure,  in  six  times  its  weight  of*^/J^P**^" 
rater,  and  place  it  in  a  glass  vessel  in  a  sand  bath,  exposed  obtained. 

0  a  heat  of  170^  or  180^.  To  this  solution,  add  perferro- 
yanate  of  iron  (Prussian  blue)  in  powder,  as  long  as  this 
alt  becomes  grey  by  the  action  of  the  potash.  Then  increase 
he  heat  to  212^',  and  keep  it  at  this  point  for  half  an  hour. 
filter  the  liquid,  thus  obtained,  and  saturate  it  with  sulphu- 
ic  acid,  moderately  diluted.  The  precipitate  thereby  formed 
nust  then  be  separated  by  the  filter.  Now  evaporate  the 
iltered  liquor  to  one-fourih,  and  set  it  by  to  crystallize.  In 

1  few  days,  a  number  of  crystals  will  be  deposited,  some  of 
rhich  will  be  of  a  yellow  colour.  Pick  out  these  from  the 
rest,  which  consist  of  sulphate  of  potash,  and  dissolve  them, 
ta  four  times  their  weight  of  cold  water,  and  re-crystallize. 
The  crystals  thus  obtained  will  be  pure  ferrocyanate  of 
potash. 

2.  This  salt,  when  pure,  is  in  the  form  of  transparent 
crystals  of  a  pale  yellow  colour.  In  order  to  be  perfectly 

2Q 
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BookL    preserved,  it  should  be  kept,  in  alcohc^  in  a  well  stopped 

Verymuoh     3«  This  salt  IS  by  far  the  most  useful  test  of  metalUc  sub- 
MatM^or s^<^<^^B  known.  It  throws  down  almost  all  the  metak  froa 
meiab.      their  solutions,  and  from  the  amount  and  colour  of  the  pre- 
cipitate, the  particular  metal  in  solution,  and  its  proportioo 
may  in  many  cases  be  ascertained.  From  its  great  utiliQr  m 
a  re-agent,  it  becomes  of  the  utmost  importance  to  the 
chemist  that  it  should  be  prepared  perfectly  pure.  For  this 
reason,  sevcnd  distinguished  chemists  have  investigated 
every  cause  of  impurity,  and  given  rules  and  cautiw  far 
its  preparation. 
Table  of        4ki  The  following  table  exhibits  the  colours,  as  finr  as  they 
P^P*^    have  been  ascertained,  in  which  the  different  metab  are  pie- 
ihhnlt.     cipitated  from  their  solutions  by  means  of  this  salt. 

Chromium  .  Green.  Lead    ....  White. 

Columbhim .  Olive.  Tin White. 

Iron    .    .    .  Bhie.  Peroxide  of  eopper  .  White. 

Niekel  .    .   Millc-wbite.  Protoxide  of  eopper  Reddith-brovB. 

Cobalt  .     .  Gran.green.  Binnuth  ....  White. 

BfaagBDCie    Peach  bloaaom.**  Silver White  beoQabfliB> 

Cerium    .      White.  Palladiam  ....  Olive. 

tTm^umm        5  Brownish-red  7  Iridium Beeomee  edonieai 

unoiom  .     <    like  Mood.    5  Titanium    ....  Tettowlah4ictiwii. 
Zine    .     .    White. 

Compoii-        5.  According  to  an  analysis  by  Porrett,*  ferrocyanate  of 

^°"'  potash,  deprived  of  water,  is  composed  of 

Ferrocyanic  acid        68*6— 
Potash  48*0— one  atom. 

116-6 
The  reader  is  now  enabled  to  perceive  how  well  the  cheni* 
cal  constitution,  assigned  to  the  ferrocyanic  acid  by  Porrett, 
accords  with  the  weight  for  it,  as  deduced  from  this  salt* 

Potash  Oxalic  acid  combines  in  three  proportions  with  potash,  and 
sauT witiT^  forms  oxalate,  binoxalate  and  quadroxalate  of  potash;  the 
oxalic  acid;      binoxalate  only  will  be  noticed. 

^oli^^.  XX.   Binoxalate   of  Potash — Common  names,  SaU  of 

Binoxalate.  Wood-sorrel;  Essenttal  Salt  of  /.rmon^.-— This  salt  exists 
ready  formed  in  the  wood-sorrel  (oxalis  acetosella).  It  mxf 
be  formed  by  direct  combination,  by  dropping  a  solution  of 
carbonate  of  potash  into  a  saturated  solution  of  oxalic  acid. 
As  soon  as  the  proper  quantity  of  potash  is  added,  this  sak 
precipitates.  It  is  in  the  form  of  crystals,  of  a  sharp,  pungenL 
bitterish  taste.  It  is  soluble  in  about  ten  times  its  weigbl  of 
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boiliBg  wiCer.  It  is  not  altered  by  exposure  to  air.  It  is  very  Vm^.w, 
musk  employed  to  remove  stains  from  linen.  "'   '    ^ 

XXI.  ACETATE  OF  POTASH. 
Old  names;  JHttretic  SalL-^Digrettive  8aU  ^fSylvim. 

\.  Acetate  of  potash  may  be  formed  by  dissolving  cor*  Aeeute  of 
tenate  of  potash  in  diluted  acetic  acid  (distilled  vinegar^  Sbubed'^^ 
Sy  evaporatmg  cautiously  the  solution  formed,  crystus  of 
noetate  of  potash  will  be  deposited.  It  has  a  fine  white 
colour,  and  sharp  warm  taste.  It  is  soluble  in  about  its  own 
weight  of  water.  When  exposed  to  the  air,  it  becomes 
aomewhat  moist,  but  suffers  no  other  alteration. 

2.  Acetate  of  potash,  when  used  as  a  medicine,  acts  as  a  lu  mediMl 
gende  cathartic;  but  it  may  be  so  managed,  as  to  prove  P'^^P"'^*^ 
powerfully  diuretic.  The  dose  varies  from  half  a  scruple  to 

one  or  two  drachms.  When  vinegar  is  poured  upon  carbo- 
nate of  potash,  a  liquid  acetate  is  readily  formed,  not  infe- 
rior perhaps,  for  medical  employment,  to  the  crystallized 
salt. 

Potash  combines  with  tartaric  acid  in  two  proportions,  poi„]i 
forming  tartrate  and  bitartrate  of  potarii.  The  bitartrate  fonni  two 
Witt  be  first  described.  u^m" 

Mid. 
XXH.  BITARTRATE  OP  POTASH. 

Supertartrite  ofPota§h  of  the  Edbbargli  Collece. 
Tartar,  when  impure. — CryttaU  of  Tartar  and  Cream  of  Tartar,  when  pu* 

rified  by  aolutioa  and  eryaiaUization. 

1.  This  salt  may  be  obtained  by  dissolving  impure  bitar*  i  Bitir- 
trate  of  potash  (tartar)  in  hot  water,  and  filtering  the  solu-  ^^^^^ 
tion,  while  hot,  to  get  rid  of  the  earthy  impurities.  The  fil-  obtauMd. 
tered  liquor,  upon  cooling,  deposites  crystals  of  bitartrate  of 
potash,  rendered  impure  by  oily  and  colouring  matters.  It 
may  be  separated  from  these  impurities,  by  being  boiled 
with  white  clay.  At  Venice  the  solution  of  tartar  is  purified 
by  means  of  whites  of  eggs  and  ashes,  which  precipitate 
the  foreign  matters. 

2*  Tartar  exists   in  new  made  wines,  especially  in  the  Tartar  ex. 
deepest  coloured  and  coarsest  kinds,  and  deposites  itself  on  jH^jepo^ 
the  sides  of  casks,  in  which  these  wines  are  kept.  Before  atei  on  the 
every  vintage,  when  the  casks,  which  had  been   used  the  *^."*'*  ^. 
previous  year,  are  prepared  to  receive  the  new  wine,  it  is 
scraped  from  their  interior  surfaces,  and  forms,  according 
to  its  colour,  white  or  red  urtar.  The  methods  by  which  it 
is  purified  have  just  been  detailed. 

3.  Bitartrate  of  potash  is  in  the  form  of  irregular  imper-  Bitartrate 
feet  crystals,  very  brittle  and  easily  reduced  to  powder.  It  <l««ri^«*- 
has  an  acid  and  rather  unpleasant  taste.  Its  specific  gravity 
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BookL  is  1-953.  It  is  soluble  in  about  sixty  parts  of  cold  water, 
Di^iikmlL  gn  j  ^q  fourteen  parts  of  boiling  water.  It  is  not  altered  by 
'  exposure  to  air;  but  when  allowed  to  remiun  some  time  m 
solution,  it  is  gradually  decomposed,  a  mucous  matter  is 
precipitated,  and  their  remains  in  solution,  carbonate  of 
potasn  coloured  by  a  litde  oil.  When  exposed  to  heat,  it 
melts,  swells,  blackens,  and  is  entirely  decomposed.  When 
subjected  to  distillation,  it  yields,  besides  carbomc  acid,  bi- 
hydrog^ret  of  carbon  and  some  oil,  and  an  acid  liquor 
consisting  of  the  pyrotartaric  acid,  already  described* 

The  bitartrate  of  potash  of  commerce  (tartar)  is  never 
pure,  as  has  been  already  mentioned.  It  generally  contains 
between  5  and  6  per  cent,  of  tartrate  of  lime. 
Gonpon-        4.  Bitartrate  of  potash  is  composed  of 
*""^  Tartaric  acid  134— two  atoms. 

Potash  48— «one  atom. 

Giving  182  for  the  number  representbg 
the  weight  of  its  atom. 
Medieai  5.  The  properties  of  this  salt,  as  a  medicine,  are  those  of 

propertict.  ^  Q^yj  ^^^  cooling  laxative.  When  properly  managed,  it  b 
a  very  good  diuretic  also;  and,  with  a  view  to  this  cfitct, 
it  is  often  given,  conjoined  with  jalap,  in  dropsy.  In  the 
dose  of  from  half  an  ounce  to  an  ounce,  it  is  a  gentle  but 
effectual  purgative.  It  is  given  in  smaller  doses,  when  its 
diuretic  operation  is  desired. 

XXIII.  TARTRATE  OF  POTASH. 

(Tartrite  of  Potash  of  the  Edinburgh  College.— Common  namei.  Soluble  Tar* 

tar.—'Tartarized  Vegetable  Alkali.) 

s.  Tartrate       1.  This  salt  is  easily  prepared  by  adding  bitartrate  of 
how^mts*    potash  (cream  of  tartar)  to  a  hot  sohition  of  carbonate  of 
pai«d.        potash^  as  long  as  any  effervescence  takes  place.  Part  of 
the  carbonate  is  thereby  decomposed,  and  its  potash  com* 
bines  with  half  the  tartaric  acid  which  exists  in  the  bitaf 
trate.  The  effervescence  arises  from  the  displaced  carbonic 
acid.  The  mixture,  thus  formed,  must  then  be  boiled  for 
some  time,  and  afterwards  evaporated  until  a  pellicle  form^ 
on  its  surface.   It  is  then  set  aside,  and  the  crystals,  which- 
form  during  its  cooling,  are  tartrate  of  potash- 
Properties.      2.  This  salt  has  an  unpleasant  bitter  taste.  Its  specific 
gravity  is   1*55.    It  is  soluble  in  its  own  weight  of  cold- 
water,  and  in  a  much  smaller  quantity  of  boiling  water.    It: 
is  from  its  great  solubility,  when  compared  with  bitartrate 
of  potash  (cream  of  tartar),  that  it  takes  its  common  naJne 
of  soluble  tartar.   When  exposed  to  heat,  it  melts,  blackens 
and  is  decomposed. 
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3*  Tartrate  of  potash  is  composed  of    '  Cba>.iv. 

Tartaric  acid      67— one  atom.  compoii- 

Potash  48— one  atom*  tioii. 

Giving  115  for  the  number  representing 
ht  weight  of  its  atom.  Hence  it  is  obvious,  that  this  salt 
differs  from  the  bitartrate  in  containing  an  atom  less  of 
acid;  or,  which  is  the  same  thing,  in  being  a  combination  of 
half  as  much  acid  with  the  same  quantity  of  potash. 

4.  Tartrate  of  potash,  when  used  as  a  medicine,  acts  as  a  Medietl 
cathartic.  In  doses  of  trom  a  scruple  to  a  drachm,  it  acta  as  Q>ei. 
a  mild  cooling  aperient.  When  taken  to  the  amount  of  an 
ounce,  it  operates  as  a  pretty  strong  purge.  It  is  not,  how- 
ever, nearly  so  much  used  as  many  other  saline  purgatives. 

XXIV.  Citrate  of  P^to^A.- This  salt  may  be  formed  by  citrate  of 
dissolving  carbonate  oi  potash  in  citric  acid,  and  evapo- P<><**^ 
nting  the  solution  formed  to  a  proper  consistency.    It  is  a 

▼cry  soluble,  difficultly  crystallizable  and  deliquescent  salt. 
When  obtained  in  the  liquid  form,  by  dissolving  carbonate 
of  potash  in  diluted  lemon  juice,  it  forms  a  very  pleasant 
effervescing  mixture,  well  suited  for  the  purpose  of  allaying 
lickness  of  stomach,  and  stopping  vomiting. 

XXV.  Pyrotartrate  of  Potash^  with  excess  of  acid,  is  a  Pyrotar- 
try  different  salt  from  bitartrate  of  potash.    When  in  a^^^* 
eatral  state,  it  precipitates  the  salts  of  zinc  and  barytes, 
rhich  sufficiently  distinguishes  it  from  tartrate  of  potash. 

Of  the  remaining  salts  of  potash,  the  ammonio-suIphate,List  of  salts 
Senate,  tellurate,  nitrite,  borate,  phosphate,  hy pophosphite,  <>^  P^"*>» 

•   II  •  11  DOt  descn* 

iromate,  molybdate,  tungstate,  nitro-tungstate,  columbate,  ^ed. 
Qtimoniate,  antimonite,  urate,  purpurate,  sorbate,  succi- 
ite,  benzoate,  saclactate,  mellate,  camphorate,  malate,  lac- 
ite,  suberate,  zumate  and  boletate  are  more  or  less  known 
I  chemists;  but  as  they  have  no  particular  interest  for  the 
nident  of  medicine,  their  description  is  omitted  in  this 
rork.  The  rest  of  the  salts  of  potash,  amounting  to  16,  are 
nknown. 

The  properties,  characteristic  of  the  salts  of  potash,  are  General 
le  following.  SnK  wiu 

1.  They  are  all,  with  very  few  exceptions,  soluble  in  ofpocash. 
ater,  but  less  so  than  the  salts  of  ammonia. 

2.  When  a  solution  of  tartaric  acid  is  added  to  their  so* 
itions  in  water,  a  precipitate  of  bitartrate  of  potash  (cream 
F  tartar)  takes  place. 

3.  When  a  solution  of  sulphate  of  alumina  is  dropped 
no  their  solutions,  crystals  of  sulphate  of  alumina-and- 
otash  (one  species  of  alum)  become  formed. 
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Book  L  4.  They  are  not  volatilizccU  when  exposed  to  a  Ted  beat, 
'  as  is  the  case  with  the  salts  of  ammonia.  When  they  contam 
a  combustible  acid,  such  acid.is  decomposed,  and  the  resi- 
due,  after  the  heat  is  withdrawn,  is  carbonate  of  potash, 
mixed  with  a  litde  charcoal.  When  their  acid  is  not  com- 
bustible, they  fuse  without  suffering  decomposition.  To 
this,  however,  there  are  several  exceptions;  the  acid  of  the 
nitrate  is  decomposed  at  a  red  heat;  and,  at  the  same  tem- 
perature, the  sulphite  becomes  a  sulphate^  sulphur  beiqg 
sublimed* 

5.  They  let  fall  an  orange-coloured  precipitate,  when 
treated  with  a  solution  of  platinum. 


SECTION  III. 

SALTS  OF  SODA. 

Saiuofio-  Salts  of  soda  are  compounds  of  the  difierent  acids  with 
eompwnds.     ^^^  salifiable  base  soda.   The  f<dlowing  are  the  most  im- 
portant of  these  salts. 

Chlorate  of     I.  Chlorate  of  Soda.^^Vormer  chemical  name,  Hyperoxu' 


muriate  of  Soda.^^VK\^  salt  may  be  formed  by 
carbonate  of  soda  in  chloric  acid;  or  by  passing  a  current  of 
chlorine  through  a  solution  of  the  same  salt.  It  is  in  die 
form  of  crystals,  of  a  sharp,  cooling  taste.  When  placed  on 
burning  coalS|  it  melts  into  globules,  and  produces  a  yellow 
light. 
No  hydro-  II.  Hydrochhrote  of  Soda  does  not  exist.  When  the 
8odi™^  ^  attempt  is  made  to  combine  hydrochloric  acid  with  soda, 
a  double  decomposition  takes  place;  the  hydrogeu  of  the 
acid  combines  with  the  oxygen  of  the  soda  and  forms 
Water,  while  the  chlorine  of  the  former  and  the  sodium  of 
the  latter  unite  and  form  a  chloride.  This  chloride  (com- 
mon salt)  was  formerly  supposed  to  be  a  muriate  (hydro- 
chlorate)  of  soda.  It  has  already  been  described  in  a  pre- 
ceding part  of  this  work. 

III.  lodate  of  Soda.^'-^This  salt  may  be  formed  by  dis- 
solving iodine  in  a  solution  of  soda.  It  is  in  the  form  of 
crystals,  soluble  in  about  14  times  their  weight  of  cold  wa- 
ter. When  heated  sufficiently,  it  gives  out  24}  per  cent,  of 
oxygen  f^s,  and  is  converted  into  iodide  of  sodium. 

IV.  Hydriodate  of  Soda, '^^Thi^  salt  may  be  formed  by 
dissolving  carbonate  of  soda  in  hydriodic  acid.  It  is  in 
the  form  of  large  deliquescent  crystals,  which  contain  a 
good  deal  of  water  of  crystallization. 
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V  SULPHATE  OP  SODA.  ^^''  ^^' 

'CoBaooBamety  Glauber^ 9  Salt.'—VUriolatedMurm.^VitriolatedFoMtil 

AlkaU.) 

1.  This  sah  may  be  formed  by  saturating  carbonate  ofSuipKateof 
da  with  sulphuric  acid.  •^■* 

2.  It  is  obtained  by  the  manufacturer,  most  generally.  How  pre- 
>m  the  residuum  of  the  process  for  obtaining  hydrochio-  pared  in 
tc  (muriate)  of  ammonia,  by  the  mutual  action  of  sul-  ^gy'**^ 
tate  of  ammonia  and  chloride  of  sodium  (common  salt). 

may  be  obtained,  economically,  by  making  into  a  paste 
ith  a  sufficient  quantity  of  water,  eight  parts  of  burnt  sul- 
late  of  lime  Tgypsum),  fire  parts  of  clay,  and  five  parts  of 
iloride  of  sooium  (common  salt).  This  mixture  is  burnt  in 

kiln  or  oven,  then  ground  to  powder,  and  afterwards 
eated  with  water,  and  evaporated  until  crystals  of  sulphate 

soda  form. 

3*  This  salt  has  been  found  native,  in  large  quantities,  in 

ersia,  Bohemia  and  Switzerland. 

4^  Sulphate  of  soda  is  in  the  form  of  cr}'stals,  possessing  Propertiei. 

taste  at  first  salt,  but  becoming  afterwards  nauseous  and 

:ter.  It  is  soluble  in  2*86  parts  of  cold  water,  and  in  0*8 

rts  of  boiling  water.  When  heated  to  redness  and  thus 

prived  of  its  water  of  crystallization,  it  requires  3*3  parts 

water,  at  the  temperature  of  144^,  for  its  solution.  When 

posed  to  the  air,  it  falls  into  a  white  powder,  and  loses 

out  half  its  weight  in  water  of  crystallization.  When  sub- 

:ted  to  a  heat  gradually  increased,  it  first  undergoes  the 

ueous  and  afterwards  the  igneous  fusion. 

5.  This  salt,  when  anhydrous,*  is  composed  of  Comp«ii- 

Sulphuric  acid     40— -one  atom. 
Soda  32— one  atom. 

Giving  72  for  the  number  representing 
t  weight  of  its  atom. 

6.  This  salt  is  by  far  the  most  commonly  used  of  the  Medieai 
line  purgatives.   When  taken  in  a  dose  of  from  half  an  properties 
nee  to  an  ounce  or  more,  it  is  a  mild,  but  effectual 
tbartic  When  given  in  smaller  doses,  largely  diluted,  it 

ts  as  an  aperient  and  diuretic.   When  in  a  state  of  efflor- 
ccnce,  the  dose  should  be  reduced  to  one-half. 

VI.  Hydrosulphate  of  Soda^'-^U^MaX  chemical  name,  i?y- Hydroiai- 
OMU^huret  of  Jo^.— This  salt  may  be  prepared  by  the  P*^^^- 
me  processes  as  the  hydrosulphate  of  potash.  It  is  in  the 
rm  of  transparent  and  colourless  crystals  of  an  alkaline  and 
tensely  bitter  taste.  It  is  very  soluble  in  water.  When  ex- 

*  An  anhjdroiu  Mit  b  one  la  which  so  wster  csists. 


Hydroial 
plute. 


Nitnte. 
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Book  I.    posed  to  the  air,  it  deliquesces  and  assumes  a  green  colour. 
DivirfoniL  j^  j,  decomposed  by  acids,  hydrosulphuhc  acid  gas  being 
evolved. 

VII«  Hydrosulphite  of  Soda.'^Vsnal  chemical  name,  Hif 
droguretted  Sulphuret  oj  «f0^.— This  salt  may  be  obtained 
by  the  samt?  process  as  the  hydrosulplute  of  potash«  It  is  of 
a  deep-red  colour,  inclining  to  broMrn.  Its  taste  is  acrid,  and, 
as  it  were,  bitter  and  cooling.  It  stains  the  skin  of  a  deep- 
green  colour.  When  kept  in  close  vessels,  it  deposites  sul- 
phur, becomes  colourless,  and  is  converted  into  hydrosul- 
phate  of  soda*. 

VII L  Nitrate  of  Soda.— Formerly  called  CuUc  Niire^ 
This  salt  may  be  lormed  by  the  direct  combination  of  iti 
constituents,  or,  by  double  decomposition,  from  nitrate  of 
lime  and  sulphate  of  soda.  It  is  in  the  form  of  transparent 
crystals  of  a  cool  sharp  taste,  somewhat  more  bitter  tbas 
that  of  nitrate  of  potash  (nitre).  It  is  soluble  in  about 
three  parts  of  cold  water,  and  in  less  than  its  own  weight 
of  boiling  water.  When  exposed  to  the  air,  it  attracts  moii- 
ture.  It  exhibits  the  same  phenomena  as  the  nitrate  of  pot- 
ash when  exposed  to  heat,  except  that  it  does  not  mebio 
easily.  It  is  composed  of 

Nitric  acid         54— one  atom* 
Soda  32— one  atom. 

Giving  86  for  the  number  represent- 
ing the  weight  of  its  atom. 

Soda  forms  Carbonic  acid  combines  in  two  proportions  with  soda,  and 
>Jith  oar-         forms  carbonate  and  bicarbonate  of  soda. 

booic  acid. 

IX.  CARBONATE  OF  SODA. 

Common  names.  Prepared  JWifron. — Mild  Fostil  AlkalL 

1.  This  salt  may  be  obtained  from  impure  carbonate  of 
soda  (Spanish  barilla)  by  solution  in  boiling  water,  iiltratioa 
and  evaporation.  Crystals  of  this  salt  will  be  found  de- 
posited. 

2.  The  carbonate,  here  used,  is  a  fused  mass,  consisting 
principally  of  carbonate  of  soda,  but  containing  also  char* 
coal,  earthy  substances,  and  some  salts.  The  insolubility  of 
the  charcoal  and  earthy  substances,  renders  it  easy  to  sepa- 
rate them.  The  foreign  salts  are  separated  by  taking  ad- 
vantage of  their  different  solubility  in  hot  and  cold  water, 
when  compared  with  that  of  the  carbonate. 

3.  Carbonate  of  soda  of  commerce  has  two  prindpal 
sources  in  nature.  It  is  obtained  from  the  ashes  of  certain 
marine  plants,  and  from  chloride  of  sodium  (common  salt) 
and  sulphate  of  soda,  by  chemical  decomposition.  It  may  be 


1.  Carbo- 
nate of 
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obtrioMl  alio  by  ezposing  bicarbonate  of  loda,  which  is  Cai».iv. 
found  native^  lo  heat. 


[1]  The  mariDC  plant,  from  which  carbonate  of  toda  is  Hovob- 
most  OBoally  obuined,  is  the  salsola  soda;  but  there  are  ^^  ^'^^ 
several  other  plants,  which  yield  it  in  considerable  abun-j^taf 
dance*  The  nroper  plants  are  cultivated  in  salt  marshes  by 
the  Spaniards.  They  are  cut  down,  dried  like  hay,  and 
farmed  into  bundles.  Several  of  these  bundles  are  set  on 
fire  and  thrown  into  a  deep  pit.  After  they  are  in  a  state  of 
complete  combustion,  others  are  thrown  in  from  time  to 
dme,  until  the  pit  is  full.  After  the  incineration  is  complete, 
the  impure  carbonate  of  soda  is  obtained  in  a  solid  mass, 
and  dug  out  and  broken  into  pieces. 

The  impure  carbonate  of  soda,  thus  prepared,  is  called  Formt  bt- 
barilla  in  commerce.  When  of  good  quality,  it  is  firm*  "i"*  ]ji?^ 
hard,  heavy,  dry,  sonorous,  spongy,  and  mtemally  of  a  blue  Ll* 
colour,  mixed  with  white  in  spots* 

When  the  impure  carbonate  is  prepared  from  diflPerent  When  ob- 
species  of  fuci,  it  is  called  kelp  in  England  and  America,  ^>^^  ^y 
and  varec  by  the  French.  It  is  much  more  contaminated  f^llSl^ed 
with  foreign  matters  than  the  barilla  of  Spain.  kelp  and 

[9]  Chloride  of  sodium  (common  salt}  may  be  decom-  c!^^ate; 
posed,  so  as  to  jrield  carbonate  of  soda  by  the  agency  of  bowobuin- 
duree  substances;  namely,  semi-vitrified  oxide  of  lead  (U-  ^iJ^l^ 
thane),  Imie  and  iron.  ehionde  of 

when  four  parts  of  semi*vitrified  oxide  of  lead  and  one  Mdiunn. 
part  of  chloride  of  sodium  are  pulverized,  mixed  together 
and  macerated  in  water  for  several  hours,  a  mutual  decom- 
position takes  place:  water  is  decomposed;  hydrochloric 
(muriatic)  acid  is  formed,  which  combines  wiUi  the  pro- 
toxide of  lead,  in  the  form  of  an  insoluble  subhydrochlorate, 
while  the  carbonic  acid,  which  exists  in  the  semi-vitrified 
oxide,  combines  with  the  sodium,  previously  converted  into 
soda,  and  forms  carbonate  of  soda. 

When  a  mixture  of  chloride  of  sodium  and  lime  is  form- 
ed into  a  paste  with  water,  and  left  in  a  moist  situation, 
a  decomposition  takes  place,  and  there  is  formed  chloride 
of  calcium  (muriate  of  lime)  and  carbonate  of  soda.  The 
carbomc  acid  is  obtained  from  the  atmosphere.  Carbonate 
of  soda,  however,  is  not  manufactured  by  means  of  lime.  A 
manufactory  by  this  process  was  about  to  be  established  in 
France  in  1782;  but  it  appears  never  to  have  gone  into 
operation. 

Carbonate  of  soda  is  not  extracted  in  the  large  way  by 
means  of  iron;  but  the  fact,  that  it  might  be  obtained  in  this 
way,  was  ascertained  by  Scheele,  who  found  that  a  piece  of 
iron  suspended  in  a  cellar  for  fourteen  days,  after  having 
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Book  I.   been  dipped  into  a  solution  of  chloride  of  sodium  (commoi 
Pif  iiiop  II.  8aU\  became  incrusted  with  carbonate  of  soda. 

It  has  been  proposed  to  decompose  chloride  of  sodium 
by  means  of  acetate  of  lead  (sugar  of  lead);  or  by  the  sak 
formed  by  combining  the  semi-vitrified  oxide  of  lead  (li- 
tharge) with  the  acid  liquor  obuined  by  distilling  wood. 
An  acetate  of  soda  is  formed  in  either  case,  which  is  to  be 
exposed  to  a  strong  heat,  whereby  the  acetic  acid  is  p-ir- 
tially  converted  into  carbonic  acid,  and  the  salt  itself,  chang- 
ed into  a  carbonate. 
Caibooate       [3]  Sulphate  of  soda  may  be  decomposed  so  as  to  yield 
may  be  ob-  carbonate  of  soda,  1.  By  carbonate  of  potash;  2.  By  acetate 
wiphlteSf  of  lime;  3.  By  semi-vitrified  oxide  of  lead  (litharge);  4. 
■odfts         By  charcoal. 

I  g  The  decomposition  by  carbonate  of  potash  is  effected,  it 

me«ni  of     the  large  way,  by  the  following  process.  A  boiling  satura^ 
Sn^Lulr    ^^  solution  of  560  pounds  of  impure  carbonate  of  potash 
^^'    (potashes)  is  ladled  into  a  boiling  solution  of  sulphate  of 
soda.  They  are  agitated  together,  and  again  quickly  heated 
to  ebullition.  The  liquid  is  next  drawn  off  into  wooden  cii- 
terns  lined  with  thick  sheet-lead,  and  allowed  to  cool  at  a 
temperature  not  exceeding  55^.  After  the  salt  has  deposited, 
the  remaining  liquor  is  drawn  off  from  it,  and  it  is  washed 
with  cold  i;vater«  and  afterwards  boiled  with  clean  water. 
This  second  solution  is  evaporated  at  a  low  red  heat,  unul 
pellicles  of  sulphate  of  potash  no  longer  form  on  its  surface. 
The  fire  is  then  withdrawn,  and  the  solution  is  allowed  to 
cool  pretty  low,  when  it  is  ladled  out  into  the  cistern  to 
crystallize, 
s.  By  ace-       When  the  carbonate  is  obtained   from  the    sulphate  of 
late  of  lime;  soda  by  acetate  of  lime,    the  latter  salt,  with  a  view  to 
economy,  is  formed  by  combining  the  impure  acetic  acid, 
obtained  in  the  distillation  of  wood,  with  lime.  When  the 
acetate  of  lime  is  mixed  with  the  sulphate,  a  double  de- 
composition takes  place,  and  acetate  of  soda  and  sulphate 
of  lime  become  formed.  The  acetate,  by  being  exposed  to  s 
strong  heat,  has  its  acid  changed,  and  becomes  converted 
into  carbonate  of  soda, 
s.  Byiu  When  the  semi-vitrified  oxide  of  lead  is  used  to  decom* 

tharge;  and  pQgg  ^j^^.  sulphate,  by  the  mutual  decomposition  of  these 
two  substances  a  carbonate  of  soda  becomes  formed  at  once. 
4.  By  char-      When  the  sulphate  is  decomposed  by  charcoal,  the  car* 
'^"**  bonate  becomes  formed  in  consequence  of  the  power,  which 

this  combustible  possesses^  of  decomposing  sulphuric  acid 
at  a  high  temperature.  The  process,  in  the  large  way,  is  to 
grind  together  500  pounds  of  sulphate  of  soda  and  100 
pounds  of  charcoal,  and  to  expose  the  mixture  formed  to 
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the  heat  of  a  reverberatoiy  furnace,  until  it  becomes  pasty*  Cha^.iv. 
It  is  then  transferred  to  large  casks,  where  it  is  lixiviated, 
evaporated  and  crirstallized* 

The  carbonate  of  soda,  when  carefully  prepared  by  means 
>f  any  of  the  decompositions  just  mentioned,  becomes  suf- 
Sciently  pure  to  be  used  in  medicine  and  the  arts.  This^ 
bowever,  is  not  the  case  with  the  carbonate,  obtuned  by 
the  incineration  of  marine  vegetables  (barilla). 

4.  Carbonate  of  soda  is  in  the  form  of  large  and  beauti-  Propertiet 
(ill  crystals,  possessing  a  taste  precisely  similar  to  that  of  ^i,  ^ 
carbonate  of  potash.  Its  specific  gravity  is  1  *35.  It  is  soluble  Mda. 

in  two  parts  of  cold  water,  and  in  rather  less  than  its  weight 
of  boiling  water.  When  exposed  to  the  air,  it  effloresces 
and  falls  to  powder.  When  subjected  to  a  heat  gradually 
increased,  it  first  undergoes  the  watery  fusion,  m  xt  becomes 
dry,  and  afterwards  suffers  the  igneous  fusion  and  assumes 
the  appearance  of  a  transparent  liquid.  After  this  has  taken 
place,  if  the  heat  be  further  urged,  part  of  its  acid  is  driven 
9fr.  It  contains  in  crystals  nearly  65  per  cent,  of  water, 
Rrb'ich  is  driven  off  when  the  salt  is  dried  by  heat. 

5.  It  is  composed  of  SSS?^' 

Carbonic  acid    22— one  atom. 
Soda  32— one  atom- 

Giving  54  for  the  number  represent- 
ing the  weight  of  its  atom. 

6.  In  medical  properties,  carbonate  of  soda  is  very  simi-  ^^  medi^t 
lar  to  carbonate  of  potash;  but  in  many  respects  it  is  pre- 
ferable to  this  salt.  Its  form  of  permanent  crystals  enables 

its  dose  to  be  better  regulated;  and  after  efflorescence  it 
may  be  exhibited  in  the  form  of  pills.  In  this  latter  state,  it 
forms  the  officinal  preparation  called  dried  carbonate  of  soda- 
rhis  is  best  prepared  by  exposing  the  pounded  crystals  before 
die  fire,  and  not,  as  the  Dublin  college  directs,  by  subjecting 
them  to  heat,  until  they  undergo  the  aqueous  fusion  and  af- 
terwards become  dry* 

The  effloresced  carbonate  of  soda  was  first  recommended 
by  Dr.  Beddoes,  as  a  substitute  for  the  supercarbonated 
alkaline  waters,  when  the  latter  did  not  agree  with  par- 
ticular constitutions.  It  has  a  very  powerful  operation  on 
the  urinary  organs,  and  is  by  far  the  most  efficacious  re- 
medy known  in  a  majority  of  cases  of  calculus,  sometimes 
removing  the  disease  entirely,  and  almost  always  alleviating 
and  palliating  the  symptoms. 

If  the  doctrine  of  the  chemical  physicians  be  correct,  the 
carbonates  of  potash  and  of  soda  exert  their  power  in  calcu- 
lous cases,  in  which  the  uric  acid  is  most  abundant.  Now 
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Book  l  it  has  been  found  by  chemists,  that  more  than  one-hdf  die 
***  "•  calculi%  which  have  come  under  their  nodce  far  widmIjo^ 
are  composed  of  uric  acid,  eidier  alone  or  coinbined  widi 
ammonia. 

The  effloresced  carbonate  of  soda  may  be  given  to  the 
extent  of  one  or  two  scruples  or  more  during  die  S4  boon, 
made  up  into  pills  with  soap* 

X.  BICARBONATE  OF  SODA. 

3  BiMrbo-      1«  This  salt  may  be  formed  by  exposing  a  soIntibQ  of 

nate  of      carbonate  of  soda  to  an  atmosphere  of  carbonic  add  gss>  It 

•ora^iwafe  ^*  ^^  uncrystallized  mass,  possessing  a  taste  similar  to  tbe 

in  AfriM  in  carbonate,  but  much  milder.  It  contains  about  23  per  ceit 

"'■"^'*      of  water.  It  occurs  native  in  considerable  quantities  in 

Africa,  in  the  province  of  Sukena,  near  Fezaan,  and  ii 

called  trona  by  the  natives.  It  was  not  distingmsbed  firoB 

the  carbonate  of  soda  of  commerce  until  1802,  when  Kin- 

roth  pointed  out  its  distingruishing  properties.  It  is  in  tae 

form  of  striated  masses,  not  altered  by  emosure  to  the  air, 

and  so  hard  that  it  is  said  that  the  waUs  ot  a  fort  in  Afirictf 

now  in  ruins,  was  built  of  it. 

Compou.        2.  It  is  composed  of 

tton.  Carbonic  acid  44    two  atoms. 

Soda  32— one  atom. 

Giving  76  for  the   number  repre- 
senting the  weight  of  its  atom.  The  native  bicarbonate,  how- 
ever, contains  somewhat  less  carbonic  acid. 
Medical  ^*  This  salt  in  solution  constitutes  the  water  of  super- 

properties,  carbonate  of  soda  of  the  Edinburgh  college.  It  is  prepared 
by  saturating  a  very  dilute  solution  of  carbonate  of  soda 
with  carbonic  acid,  made  to  pass  through  it  in  a  stream. 
This  solution  is  more  pleasant,  and  may  be  taken  to  a  greater 
extent,  than  the  solution  of  the  carbonate. 

Soda  forms  Boracic  acid  combines  in  two  proportions  with  soda,  and 
^r<;  nUs  forms  borate  and  subborate  of  soda.  The  subborate  will 
do  acid!^'       ^  described  first. 

XL  SUBBORATE  OF  SODA. 

CommoD  name,  Borax, 

i.Subbo.        1.  This  salt  is  extracted  from  tincat^  a  substance  which 
cxUts^in^*'  comes  from  the  East  Indies,  by  repeated  solutions,  filtrations 
the  waters  and  crystallizatious.  It  exists  in  the  waters  of  certain  lakes 
Ul^''    and  wells,  to  be  found  in  Thibet  and  China.  These  wateis 
are  evaporated,  and  the  salt  obtained  in  an  impure  state,  in- 
termixed  with   sand,  small  stones  and  other  impurities, 
when  it  is  called  tincaL  In  this  state  it  occurs  in  commerse. 
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in  liSMPii  composed  of  a  few  large  ciystalst  but  cUt^  of  Csu^nr. 
amaU  ones,  possessing  a  colour,  partly  whits  and- partly  '   '  '    " 
green,  with  an  appearance  aa  if  joined  together  by  a  greasy 
yellow  substance* 

S«  Sabborate  of  soda  (borax)  was  known  at  least  as  early 
aa  die  tenth  century;  nevertheless  it  was  a  long  time  before 
Ha  chemical  nature  was  ascertained*  In  1713,  Uomberg 
discovered  boracic  acid  as  one  of  its  constituents,  and, 
without  being  aware  of  its  acid  nature,  gave  it  the  name  of 
aedative  salt.  It  was  not  until  fifty  years  afterwards  that 
Banm  demonstrated  that  its  base  was  soda. 

3»  Subborate  of  soda  b  a  crystallized  salt  of  a  white  iti  praper- 
colour,  apd  stjrptic,  aU^aline  taste.  It  possesses  the  proper^  ^«** 
of  chaDjKing  vegetable  blues  to  green.  It  is  soluble  in  twen^ 
parts  of  cold  water,  and  in  six  parts  of  boiling  water.  Jb 
the  ah*,  it  effloresces  sli^dy*  When  heated,  it  loses  nearly 
half  its  weight  in  water  of  crystallization,  and  assumes  the 
form  of  a  light,  porous,  very  friable  mass,  called  calcined 
borax*  In  a  stronger  heat,  it  melts  into  a  transparent  glass, 
without  losing  its  solubility.  It  has  been  long  funiliar  to 
artists,  as  a  flux,  to  facilitate  the  fusion  of  the  precious  me- 
tals, and  for  its  use  in  the  formation  of  imitations  of  the  pre- 
cious stones* 

4.  The  medical  properties  of  subborate  of  soda  haveMedieti 
been  but  very  litde  investigated*  It  is  rarely  given  inters  ^>^- 
naUy.  It  is  said  to  possess  the  properties  of  a  diuretic  and 
emmenagogue.  It  is  employed  in  solution,  or  mixed  with 
white  sugar,  to  cleanse  the  mouth  and  fauces  of  infants, 
when  these  parts  are  affected  with  aphthae.  Upon  the  whole, 
it  seems  to  deserve  more  notice  than  is  generally  given  to 
it  by  physicians. 

XII.  Borate  of  Soda.-'^TVw  salt  may  be  formed  by  satu-  SLBonteoC 
radng  subborate  of  soda  with  boracic  acid.  It  has  been  but  **^' 
very  imperfectly  examined. 

Phosphoric  acid  combines  in  two  proportions  with  soda,  Soda  forms 
and  forms  phosphate  and  biphosphate  of  soda.  ^Ui^^»n- 

XHL  PHOSPHATE  OF  SODA.  ^*^*  •^* 

Wmderfid  PerkUed  SaU  of  Haiipt. 

1*  Dr.  Pearson  gives  the  following  formula  for  the  pre- 1.  Phos. 
paration  of  this  salt.  To  a  solution  of  1400  grains  of  erys-  ph«te  ot 
tallized  carbonate  of  soda  in  2100  grains  of  water,  placed     *' 
in  a  long  necked  matrass,  add,  gradually,  500  grains  of 
phosphoric  acid  of  the  specific  gravity  of  1*85.    Boil  the 
liquor  for  a  few  minutes,  filtrate  it  while  hot,  and  pour  it 
into  a  shallow  vessel,  which  must  be  placed  in  a  cool  situa- 


ries. 
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Bmk  I.   tion.  During^  the  course  of  several  dajm,  crystals  of  phosphate 
|^!i^5IL!!Lof  soda  will  be  deposited. 

Prepmrft-  2.  Phosphate  of  soda  is  prepared  by  the  apothecaries  b7 
l^i!!L^^  treating  burnt  bones  (phosphate  of  lime)  with  sulphoHc 
"^  acid.  This  acid  partially  decomposes  the  phosphate,  and 

forms  with  the  base  of  the  decomposed  portion,  an  insolu- 
ble sulphate  of  lime  (gypsum),  while  the  disengaged  pbos- 
phoric  acid  combines  the  undecomposed  portion,  and  lormi 
a  superphosphate  of  lime,  which  remains  in  solution*  TKe 
sulphate  of  lime  is  separated  by  the  filter,  and  the  lemain* 
ing  solution,  containing  the  superphosphate,  is  deoompoied 
by  a  solution  of  carbonate  of  soda.  The  carbonate,  how- 
ever, does  not  decompose  the  superphosphate  completdy; 
but  its  base  combines  with  the  excess  of  acid  in  tlus  sah, 
and  forms  a  phosphate  of  soda,  which  remains  in  solutioD, 
whereby  the  soluble  superphosphate  becomes  reduced  to  the 
state  of  an  insoluble  phosphate.  The  phosphate  of  lime  is  noir 
separated  by  the  filter,  and  by  treatment  again  with  sulphunG 
acid  and  carbonate  of  soda  may  be  made  to  yield  a  new 
portion  of  phosphate  of  soda.  The  solutions  of  phosphate  of 
soda,  thus  obtained,  are  next  evaporated  until  they  deposite 
crystals. 

3.  This  salt  exists  ready  formed  in  urine;  but  as  it  would 
not  yield  phosphorus  when  treated  with  charcoal,  it  was 
suspected  to  contain  an  acid  different  from  the  phosphorict 
Proust  supposed  he  had  obtained  this  acid,  to  which  he  gave 
the  nameof  perlated  acid;  but  the  substance  obtained  by  him 
was  afterwards  proved  by  Klaproth  to  be  a  phosphate  of 
soda  with  excess  of  phosphoric  acid,  that  is,  a  biphosphate 
of  soda. 

4.  Phosphate  of  soda  is  in  the  form  of  crystals,  possess- 
ing a  cooling  and  urinous,  but  not  disagreeable  taste.  It  is 
soluble  in  about  four  parts  of  cold  water,  and  in  two  pans 
of  boiling  water.  Its  specific  gravity  is  1*333.  It  contains 
about  62  per  cent,  of  water  of  crystallization.  When  ex- 
posed to  the  air^  it  effloresces  on  the  surface.  When  sub- 
jected to  heat,  it  first  undergoes  the  watery  fusion,  and 
afterwards,  when  it  has  reached  the  point  of  redness,  melts 
into  a  white  enamel.  Before  the  blow-pipe,  it  fuses  into  a 
transparent  globule,  which  becomes  opaque  upon  cooling. 
It  is  not  altered  by  combustibles  or  metals.  With  most  of 
the  metallic  oxides,  it  fuses  into  a  coloured  glass.  It  is 
partially  decomposed  by  hydrochloric  (muriatic),  sulphuric 
and  nitric  acids,  and  converted  into  a  biphosphate. 

5.  Phosphate  of  soda  was  introduced  into  the  practice  of 
properuei.  medicine,  as  a  purgative,  by  Dr.  Pearson.    It  possesses  the 

same  medical  properties  as  sulphate  of  soda  (Glauber's 


Exists  ia 
ttrine. 


Its  proper 
ties. 
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lalt),  but  it  has  this  advantage  over  the  sulphate,  diat  it  is  Cai^.lV. 
much  less  disagreeable  to  swallow.  The  dose  is  eight  or  '       "  ' 
ten  drachms*   It  may  be  given  vrry  conveniently  in  soups, 
to  which  it  imparts  a  taste,  very  similar  to  that  occasioned 
by  chloride  of  sodium  (common  salt),  and  not  unpleasant  to 
the  moat  delicate  palate. 

XIV.  Biphosphate  of  Soda  is  a  soluble  salt  not  easily  s.  Biphoi» 
cnrstallized.   It  may  be  obtained  in  thin  scales,  not  unlike  ^^*^ 
boracic  acid.  It  was  this  salt,  which  Proust  supposed  to  be 

the  acid  of  the  phosphate. 

XV.  Ammonio'phosphate  of  ^Sb^a.— -Old  names,  Micro*  Ammonio- 
cMffMC  Salt;  Fusible  Salt  of  t/rinr— It  was  a  long  time  ^^jJ^^fcli^Si. 
known  that  this  salt  might  be  extracted  from  urine,  before  tnetcd 
any  correct  notions  of  its  chemical  'composition  were  form-  ^""^  "'*''•• 
ed.  Margraff  showed  that  it  contained  ammonia,  and  might 

be  made  to  yield  phosphorus;  but  it  was  Fourcroy,  who 
first  subjected  it  to  a  precise  analysis.  Its  properties  are 
those,  very  nearly,  of  phosphate  of  soda  and  phosphate  of 
ammonia,  joined  together.  When  subjected  to  heat,  its  am- 
monia is  driven  oiT,  and  the  salt  is  converted  into  a  super- 
phosphate. When  exposed  to  the  air,  it  suffers  efflorescence 
and  gradually  loses  its  ammonia.  ' 

XVI.  HudroJiuateofSoda^^^UsudlchcxxkicBlnzmej  Fluate 
efSoda^-^thi^  salt  may  be  formed  by  pouring  a  solution  of 
soda  into  hydrofluoric  acid.  A  combination  takes  place  with 
the  evolution  of  much  heat.  It  is  in  the  form  of  small 
crystals,  soluble  in  water,  and  not  altered  by  exposure  to 
air.  When  heated,  it  decrepitates,  and  afterwards  undergoes 
the  igneous  fusion. 

XVII.  Silicojiuate  of  Soda.'^Fluosilicate  of  Soda  of  Du 
Thomson.-— Scheele  affirms  that  this  salt  may  be  formed  by 
the  same  means  as  the  silicofluate  of  potash;  but  Gay-Lus- 
sac  and  Thenard  could  obtain  the  hydrofluate  (fluate)  of 
soda  only,  the  salt  described  in  the  preceding  paragraph. 

XVIII.  Sulphocyanate  of  Soda* — This  is  a  crystallizable 
deliquescent  salt« 

XIX.  Ferrocyanate  of  Soda.^^F ormevly  called.   Triple  ^^not^^i- 
Prussiate  of  Soda;  Prussiate  of  Soda-and'Iron.'^This  salt  HJjJ, 
may  be  formed  by  a  process  similar  to  that  given  for  the 
preparation  of  the  ferrocyanate  of  potash.  It  is  in  the  form 

of  transparent  crystals,  of  a  yellow  colour  and  bitter  taste. 
When  exposed  to  the  air  in  a  warm  place,  it  falls  to 
powder,  and  loses  STj  per  cent,  of  its  weight.  It  is  soluble 
m  4)  parts  of  cold  water,  and  in  a  much  smaller  quantity 
of  boiling  water.  Its  specific  gravity,  when  in  crystals, 
is  1-458. 

XX.  Urate  of  Soda.-^Tht  concretions,  called  chalk- Unte. 
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Book  L    atones,  which  form  in  joints  long  a£Rected  by  gout,  are 

P^^^*'*^*  ^'  found  to  consist  entirely  of  this  salt. 

XXI.  Acetate  ofSoda.-^Formejiy  called,  CrystalUzedfo' 
Hated  eartk^^^Thh  salt  is  usually  prepared  by  saturadog 
acetic  acid  with  carbonate  of  soda,  and  evaporating  the  so* 
lution  until  a  pellicle  forms  on  its  surface.  Upon  oooUng, 
crystab  of  acetate  of  soda  are  deposited.  This  salt  has  a 
sKarp  taste,  approaching  to  bitter.  It  is  not  aflPected  by  ex- 
posure to  air.  It  is  soluble  in  nearly  three  parts  of  cold 
water.  When  heated,  it  first  loses  its  water  of  Crystidliza- 
tion,  which  amounts  to  about  40  per  cent,  and  afterwards 
melts,  if  the  heat  be  sufficiently  urged. 

n^rtnteoT     XXII.  Tartrate  of  Soda ^Thts  salt  may  be  formed  bjr 

**  dissolving  carbonate  of  soda  in  tartaric  acid.  It  ia  in  tbe 
form  of  needle-shaped  crystals,  soluble  in  about  their  weight 
of  cold  water.  It  is  capa^e  of  combining  with  an  excess  of 
acid,  forming  a  salt  nearly  as  insoluble  as  the  bitartrate  of 
potash  (cream  of  tartar).  It  is  composed  of 
Tartaric  acid  67— one  atom. 
Soda  32— -one  atom. 

Giving  99  for  the  number  representing 
the  weight  of  its  atom. 

XXlIf.  TARTRATE  OF  POTASILAND-SODA. 

(CkMnmon  otme,  RocheOe  SalL — ^ForoMrij  ealled,  8aH  of  SeijgmgUe,) 

Tartrate  of  1.  This  salt  is  Usually  prepared  by  adding  graduaUy,  as 
a^a;  how  '  ^^"S  ^^  effervescence  occurs,  carbonate  of  scnda  to  a  solution 
prepared,  of  one  part  of  bitartrate  of  potash  (cream  of  tartar)  in  five 
parts  of  boiling  water;  and  afterwards,  when  the.  saturation 
is  complete,  filtering  the  solution,  and  evaporating  it  to  the 
consistence  of  a  syrup.  Upon  cooling,  it  deposites  crystab 
of  tartrate  of  potash-and-soda.  In  this  process,  the  salt  be- 
comes formed  in  consequence  of  the  soda  of  the  added  car- 
bonate saturating  the  excess  of  acid  in  the  bitartrate. 

2.  This  salt  was  first  formed,  and  introduced  into  the 
practice  of  medicine,  by  Mr.  Seignette,  an  apothecary  at 
Rochelle,  by  whose  name  it  was  formerly  generally  known. 
For  some  time  its  composition  was  kept  secret.  In  1731, 
however,  Boulduc  and  GeofFroy  ascertained  its  chemical 
nature. 
Froperties.  3.  Tartrate  of  potash- and-soda  is  in  the  form  of  large 
crystals,  permanent  in  the  air,  and  soluble  in  five  times 
their  weight  of  water.  It  has  a  bitter  taste.  When  exposed 
to  heat,  it  suffers  decomposition.  Its  specific  gravity  is 
1*757. 


SALTS  OF  SODA.  321 

4«  It  is  composed  of  v  Ocap.iv. 

Tartrate  of  potash     115— one  atom.  ~' 

Tartrate  of  soda  99— one  atom. 

Giving  214  for  the  number  rejHnesent- 
ing  the  weight  of  its  atom. 

5.  This  salt  is  frequently  used  as  a  purgative.   It  is  not  UtOkUX, 
so  disagreeable  to  take  as  sulphate  of  soda,  but  more  so  ^''^ 
than  the  phosphate;  and  it  has  this  disadvantage,  that  it  re- 
quires to  be  given  in  a  larger  dose  than  either  of  these 
salu. 

Of  the  remaining  salts  of  soda,  the  ammonio-8ulphate,iiitQrHia 
sulphite,  selenate,  hypophosphite,  arseniate,  arsenite,  chro-  g^*»y 
mate,  molybdate,  tungstate,  purpurate,  formate,  oxalate, 
sorbate,  succinate,  benzoate,  lactate,  citrate,  meUate,  cam- 
phorate,  malate,  saclactate  and  suberate  have  been  formed, 
apd  more  or  less  accurately  described,  by  chemists;  but 
they  are  of  too  little  importance  to  be  described.  The 
rest  of  the  salts  of  soda,  amounting  in  number  to  24,  are 
unknown. 

The  salts  of  soda  may  be  known  by  the  following  pro*  General 
perties.  SnSI^A 

1.  They  are  all  soluble  in  water,  and  much  more  so  than  of  toda. 
the  salts  of  potash. 

2.  When  exposed  to  heat,  they  undergo  the  aqueous 
fusion,  by  reason  of  the  large  quantity  of  water  of  crystal- 
lization which  thev  contain.  If  the  heat  be  continued,  the 
water  is  dissipated,  and  they  assume  the  form  of  a  dry 
white  powder.  When  the  heat  is  increased  to  redness,  if 
the  acid  present  in  them  be  combustible,  it  is  destroyed; 
if  volatile,  it  is  driven  oiF;  but  if  fixed,  the  whole  undergoes 
the  igneous  fusion,  and,  on  cooling,  assumes  the  appearance 
of  an  opaque  white  mass,  usually  destitute  of  water* 

S.  Their  solutions  are  neither  precipitated  by  tartaric 
acid,  nor  enabled  to  deposite  crystals  of  sulphate  of  potash* 
and-alumina  (alum),  by  the  addition  of  sulphate  of  alumina. 
These  last  mentioned  marks  distinguish  them  very  com- 
pletely from  the  salts  of  potash. 
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5!!!^!lil:  SECTION  IV. 

SALTS  OF  LITUIA. 

Saitioru-  Salts  of  Lithia  are  combinations  of  acids  with  the  sali- 

thiu: 
eomi 


^***"Dam^     liable  base  lithia.  In  consequence  of  the  recent  discovery 


of  this  substance,  very  few  of  these  salts  have  been  exa- 
mined. The  following  are  the  principal  ones,  which  have 
been  described. 

Saiphite  of     I.  Sulphate  of  Lithia. — ^This  salt  may  be  obtained  from 
mhu.         petalite,  by  exposing  the  mineral  in  powder  for  2  J  hours  to 
heat,  -  along  with  carbonate  of  harytes;  dissolving  off  the 
excess  of  the  barytes  by  hydrochloric  acid  added  in  excess, 
and  precipitating  the  remainder  of  this  substance  by  an  excess 
of  sulphuric  acid.  After  the  insoluble  sulphate  of  barytes  b 
separated,  the  remaining  liquid  will  be  a  solution  of  the 
sulphate  of  lithia,  containing  alumina.    Precipitate  the  slu- 
miha  by  carbonate  of  ammonia,  and  evaporate  to  dryness: 
the  dry  mass  consists  of  this  sulphate.    It  is  a  very  sdijable 
salt,  possessing  a  purely  saline  taste.    It  suffers  no  change 
in  the  air.   It  is  composed,  in  whole  numbers,  of 
Sulphuric  acid       40— one  atom. 
Lithia  18— «one  atom. 

Giving  58  for  the  number  represent- 
ing the  weight  of  its  atom. 

Nitrate.  II.  Nitrate  of  i^iMia.— -This  salt  is  deliquescent,  and 

possesses   a   taste    like   nitrate  of  potash    (nitre).     When 
heated,  it  fuses  into  a  liquid,  running  like  water. 

Carbonate.  III.  Carbonate  o/*  Zf Mia.— -This  salt  may  be  formed  by 
decomposmg  the  sulphate  oi  lithia  by  acetate  of  barytes.  In 
this  way  there  becomes  formed  an  acetate  of  lithia.  This 
acetate,  by  being  heated  to  redness  in  a  platinum  crucible, 
has  its  acid  decomposed,  and  is  converted  into  a  carbonate. 
Carbonate  of  lithia  has  an  alkaline  taste.  It  restores  the 
colour  of  turnsol,  reddened  by  acids.  It  melts  when  exposed 
to  a  dull  red  heat.  It  is  capable  of  attacking  platinum,  a 
property  which  is  not  possessed  by  the  carbonate  of  potash 
or  of  soda. 

Several  other  salts  of  lithia  have  been  examined,  such  as 
the  borate,  acetate,  tartrate,  &c.  but  these  salts  are  not  of 
sufficient  importance  to  be  described.* 

« 

*  Annales  deChimie  et  de  Physique,  tome  X.  (Jan.  1819.) 
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SECTION  V. 

SALTS  OF  UME. 

iALTs  OF  Lime  are  combinations  of  the  different  acids  Stlti  of 
with  the  salifiable  base  lime.  The  foUowwg  are  the  most  Jjjjj^ijl^ 
important  9f  these  compounds.  poowu- 

I.  Chhraie  of  Lime. — Former  chemical  name,  Hyperoxy^  Chlonteof 
muriate  of  Lime. — ^This  salt  may  be  obtained  by  the  follow-  ^°^®* 
ing  process:  Pass  a  current  of  chlorine  gas  through  a  solution 

of  lime  in  hot  water,  the  temperature  of  which  is  not  allow* 
ed  to  falL  Two  substances  are  in  this  way  formed;  namely, 
chloride  of  calcium  and  chlorate  of  lime.  In  order  to  get 
rid  of  the  chloride,  boil  phosphate  of  silver  in  the  solution 
of  the  chloride  and  chlorate.  This  salt  decomposes  the  chlo- 
ride, and  forms  with  it  a  chloride  of  silver  and  phosphate 
of  lime,  both  of  which  are  insoluble  and  may  be  separated 
by  the  filter;  while  the  chlorate  of  lime  remains  in  solution 
umouched,  and  may  be  obtained  in  cr}'stals  by  evaporation. 
Chlorate  of  lime  has  a  sharp  and  bitter  taste,  and  is  very 
deliquescent.  When  allowed  to  dissolve  in  the  mouth,  it 
produces  a  strong  sensation  of  cold.  When  slightly  heated, 
it  undergoes  the  watery  fusion. 

II.  Hydrochhrfite  of  Lime ^  it  would  seem,  does  not  exist.  Hjdrochio- 
Thc  salt,  which  has  heretofore  been  considered  a  ''^y^^'o- J^^^^J^""*^ 
chlorate  (muriate)  of  lime,  does  not  diffi-r,  in  any  respect,  exist 
from  chloride  of  calcium  artificially  formed.  Hence  there 

is  good  reason  to  believe,  that,  when  the  attempt  is  made 
to  unite  hydrochloric  (muriatic)  acid  to  lime,  a  double  de- 
composition takes  place,  which  results  in  the  formation  of 
chloride  of  calcium  and  water. 

IIL  lodate  of  Zime.— This  salt  may  be  obtained  by  dis- 
solving carbonate  of  lime  (chalk)  in  iodic  acid;  or  by 
double  decomposition  between  a  salt  of  lime  and  iodate  of 
potaab.  It  is  usually  in  the  form  of  powder,  but  may  be 
obtained  in  crystals.  It  is  sparingly  soluble  in  water.  It  is 
similarly  affected  by  the  action  of  heat  to  the  iodate  of 
potash,  excepting  that  it  requires  a  higher  temperature  for 
decomposition. 

IV.  Hydriodate  of  £f me.— This  salt  may  be  formed  by 
saturating  hydriodic  acid  with  carbonate  of  lime  (chalk).  It 
is  a  very  soluble  and  deliquescent  salt.  When  exposed  to 
a  strong  heat,  it  is  converted  into  iodide  of  calcium,  water 
being  at  the  same  time  formed. 


i 
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V.  SULPHATE  OF  LIME. 

Syn.  ChfPtwn.'^Seleniie.—'PUuter  ofParu. 


Tti  proper 
^9. 


SoiphAte  of  1.  Sulphate  of  lime  occurs  abundantly  native  in  different 
UiDc  ocean  ^^^ts  ol  the  World,  and  consequently  is  very  seldom  formed 
artificially.  It  was  known  to  the  ancients  under  the  name 
of  gypsum,  but  its  composition  was  not  ascertained  before 
it  was  subjected  to  analysis  by  Margraff  and  Macquer,  wh« 
proved  it  to  be  a  compound  of  sulphuric  acid  and  lime.  Its 
properties  were  afterwards  investigated  with  precision  by 
Bergman. 

2.  This  salt  is  found  native  in  the  form  of  crystab,  some- 
times exceedingly  transparent.  Its  taste  is  slightly  nauseous, 
but  scarcely  perceptible,  unless  in  water  impregnated  with 
ir.  It  is  not  altered  by  exposure  to  the  air.  When  heated,  it 
decrepitates  and  falls  to  powder,  losing  at  the  same  ttme 
its  water  of  crystallization,  which  amounts  to  about  SI  per 
cent.  In  this  state,  it  is  called  plaster  of  Paris,  and  is  much 
employed  in  the  formation  of  casts,  and  of  some  species  of 
stucco,  as  well  as  for  giving  the  last  coat  of  plastering  to  the 
apartments  of  houses.  It  becomes  well  fitted  for  these  pu^ 
poses  from  the  avidity  with  which  it  combines  with,  and 
solidifies,  water,  a  property  which  enables  it,  when  made 
into  a  paste  with  this  liquid,  to  dry  quickly  and  harden. 
When  the  sulphate  is  exposed  to  a  violent  heat,  it  melts. 
Before  the  blow-pipe,  it  affords  an  opaque  vitreous  globule. 

3.  Sulphate  of  lime  is  composed  of 
Sulphuric  acid       40— one  atom. 
Lime  29— -one  atom. 


Anlrfdraus 
lolphate. 


Hydroaul- 
phatc. 


Giving  69  for  the  number  represent- 
ing the  weight  of  its  atom. 

Besides  the  sulphate  of  lime,  just  described,  which  can* 
tains  water,  there  has  been  found  native  an  anhydrous  sul- 
phate. It  is  in  the  form  of  transparent  crystals,  whose  broad 
surfaces  have  the  appearance  of  pearl.  Its  hardness  is  con* 
aiderable.  Its  specific  gravity  is  about  2*96.  It  usually 
phosphoresces  when  heated.  It  coincides  with  the  commoa 
sulphate  in  properties,  and  in  constituents,  excepting  that  it 
contains  no  water. 

VI.  Hydrosulphate  of  Zfm^.— Usual  chemical  name, 
Hydroaulphuret  of  Z.fmr.— This  salt  may  be  formed  by 
passing  a  current  of  hydrosulphuric  acid  gas  through  water, 
suspending  a  portion  of  lime.  When  thus  obtained,  it  is  in 
the  form  of  a  colourless  solution,  possessing  an  acrid,  bitter 
taste. 
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VIL  Hifdrostilphite  of  Lime  —Usual  chemical  naroe,  Cbat.iV. 
Wydrogurt  tied  Suiphuret  of  jLsm^*— This   salt  is  formed,  Hrdrasal- 
irhenever  suiphuret  of  lime  is  exposed  to  the  air  or  mois-  pkte. 
ened  »ith  water.  The  conversion  takes  place  in  consequence 
>f  the  decomposition  of  water.   It  may  be  formed  also  by 
x>iling  a  mixture  of  sulphur  aqd  lime  in  about  ten  times 
its  weight  of  water.   When  thus  prepared,  it  forms  a  solu- 
aon  of  a  beautiful  orange  colour,  exhaling  the  fetid  odour 
rf  hydroBulphuric  acid  gas.  Exposed  to  the  air,  it  gradually 
ibsorbs  oxygen,  which  first  combines  with  the  hydrogen 
md  afterwards  acidifies  the  sulphur,  whereby  the  hydro- 
sulphite  is  converted  into  a  sulphate.   When  kept  in  close 
vessels^  sulphur  is  deposited,  and  it  becomes  changed  into 
a  hydrosulphate. 

VIII.  Nitrate  of  Xim^.— This  salt  may  be  formed  by  Nitnte. 
dissolving  carbonate  of  lime  (chalk)  in  nitric  acid,  evapo- 
radng  die  solution  to  the  consistence  of  a  syrup,  and  setting 
it  aside  to  crystallize.  It  is  in  the  form  of  crystals,  which 
ire  exceedingly  deliquescent,  and  possess  an  acrid  and 
bi^er  taste.  Cold  water  dissolves  four  times  its  weight  of 
Adxk^  and  boiling  water,  any  quantity.  When  exposed  to 
the  air,  it  attracts  moisture  with  such  avidity  as  soon  to  li- 
quefy. It  is  this  affinity  for  moisture,  which  fits  it  for  the 
purpose  of  drying  gases.  When  heated,  it  readily  undergoes 
the  aqueous  fusion,  and  afterwards,  when  the  water  of 
ci^stallization  is  evaporated,  it  becomes  converted  into  a 
white  powder.  When  strongly  heated,  the  nitric  acid  is 
decomposed,  and  deutoxide  of  azote  (nitrous  gas),  oxygen 
and  azote  are  evolved,  while  pure  lime  is  left  behind. 

IX.  CARBONATE  OF  UME. 

(CommoQ  name.  Chalk.) 

1«  Carbonate  of  lime   exists   very  abundantly   native,  Carbonate 
under  the  different  names  of  chalk,  lime-stone,  marble,  &c.  j[|]Saimn- 
and  is,  tlierefore,  very  seldom  formed  artificially  by  the  daotiy  oa^ 
chemist.    It  may  be  obtained,  however,  in   a  very  pure^^®- 
state,  in  the  form  of  a  precipitate,  by  adding  a  solution  of 
carbonate  of  soda,  to  a  solution  of  chloride  of  calcium 
^muriate  of  lime).   When  prepared  in  this  way,  it  forms 
me  precipitated  chalk  of  the  Dublin  college. 

2.  For  the  purposes  of  medicine,  it  is  prepared  from  the  Hew  pre- 
impure  carbonate  (chalk)  by  trituration  in  an  iron  mortar, fhemirJ^ 
and  subsequent  levigation  on  a  porphyry  stone.  The  impal-  poseaof 
pable  powder,  thus  formed,  is  next  diffused  in  water,  and,  "ttw^winc. 
while  this  liquid  continues  to  be  loaded  with  the  minute 
particles,  it  is  poured  off  and  allowed  to  settle. 

3.  Carbonate  of  lime  is  often  found  native  in  perfectly  Properties, 
xansparent  crystals.  It  has  scarcely  any  taste.  It  is  inso- 
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Book  I.    luble  in  cold  water.  Its  specific  gravity  it  about  2*7*  h 
Dimiim  II.  j^g  ^\^^  \i  suffers  DO  alteration.  Wtieo  exposed  to  ht-at,  it 
first  decrepitates,  and  loses  its  water   of  crystallization, 
which  amounts  to  about  eleven  per  cent.;  and  afterwards,  if 
the  heat  be  continued  to  be  raised,  the  carbonic  acid  is  en- 
tirely driven  off,  nothing  remaining  but  pure  lime. 
BiirmoK  of      4.  The  process  of  cxpo«iing  different  carbonates  of  lime 
lime  ex-      (lime-stone)  to  a  sufficient  heat  to  drive  off  their  acid  is 
^"'^    '      called  calcining  or  burning  lime.  It  is  in  this  way  that  all 
the  lime  is  formed,  which  is  used  in  the  arts.  It  continued, 
for  a  long  time,  a  problem  of  considerable  difficulty  V>  as- 
certain what  lime-stone  lost  in  the  process  for  converting 
it  into  lime.  It  had  been  concluded  by  some  of  the  earlier 
chemists  that  it  was  pure  water.  Stahl's  opinion  was  most 
generally  acceded  to,  that  the  change  of  properties  wu  to 
be  ascribed  to  the  more  minute  division  of  the  particles 
of  the  lime  by  the  action  of  fire.  On  the  other  hand,  Boyle 
supposed  that  the  new  properties  depended  upon  the  fiis* 
tion  of  fire,  an  opinion  which  was  embraced  by  Newton. 
The  chftn-  The  fallacy  of  all  these  theories  was  completely  shown  by 
uke^piJce  ^hc  discovery  of  carbonic  acid  by  Dr.  Black,  in  1755.  Tlus 
in  ihe  pro-  chemist  satisfactorily  proved  that  lime-stone  was  compos- 
e^Tnted  for  ^  ^^  ^^^^  ^^^  carbonic  acid,  and  that,  in  the  process  of 
b>  Dr.        calcining,  the  carbonic  acid  was  driven  off,  while  the  pure 
Biaek.        ^^^  remained  behind. 

5.  Anhydrous  carbonate  of  lime  is  composed  of 
Carbonic  acid         22— one  atom. 
Lime  29— one  atom. 

Giving  51  for  the  number  represent- 
ing the  weight  of  its  atom. 
Me<iicM  6.  In  medicine,  carbonate  of  lime  is  an  antacid  and  ab- 

{JJJ*',*j^^^'*'sorbent.  It  is  therefore   well  suited  to  remove  acidity  of 
lime.  the  stomach,  more  especially  when  accompanied  with  dis^ 

rhoea.  It  removes  acidity,  in  consequence  of  its  acid  being 
displaced  by  almost  every  other.  For  exhibition,  it  is  gene- 
rally joined  with  sugar  and  aromatics,  in  the  form  of  a 
mixture. 

Lime  forms  Phosphofic  acid  is  capable  of  combining  with  lime  in  four 
v^itiiphw-       proportions,    forming   phosphate,   biphosphate,    quadri- 
phoricacid.      phosphate  and  subphosphate  of  lime.  These  salts  will  be 
described  in  the  order,  in  which  they  have  been  named. 

X.  PHOSPHATE  OF  UME. 

{Earth  of  Bonca.-^Burnt  JTartahom  of  the  Colleges.) 

i.Plio<-  1.  This  salt   may  be  prepared  by  exposing  bones  to  a 

Hmt^how    '^^^^^  heat,  reducing  the  substance  formed  to  powder,  dis- 
prcparcfi.   solving  it  in  hydrochloric  (muriatic)  acid,  and  precipitating 
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otion  by  meaos  of  ammonia*  The  precipitate  ibrmed,  Cbap.  i V. 
ciag  washed  and  dried,  is  pure  phosphate  of  lime, 
kmes  are  composed  of  a  basis  of  phosphate  of  lime, 
to  a  certain  portion  of  cartilaginous  matter.  The  ex- 

to  a  white  heat  bums  off  all  the  animal  matters,  and 

nothing  remaining  but  phosphate  of  lime.  The  phos- 

howcver,  is  not  pure.  To  render  it  perfectly  so,  the 

:  phosphate  is  treated  with  hydrochloric  (muriatic) 

flrhich  dissolves  the  pure  salt  alone.  The  ammonia, 

is  then  added,  combines  with  the  hydrochloric  acid 

mains  in  solution,  and  causes  the  dissolved  phosphate 

s  to  precipiute. 

This  salt  was  first  noticed  in  1774  by  Scheele  and  Diseovered 

but  for  the  first  precise  account  of  its  properties,  Jj^^^Jj^^^* 
itry  is  indebted  to  Ekeberg,  Fourcroy  and  Vauquelin. 
^hoaphate  of  lime  is  a  white  insoluble  powder,  desti-  Properties. 
f  taste,  and  unaltered  by  exposure  to  air.  It  is  solii- 
h3rdrochloric  (muriatic)  and  nitric  acids,  and  may  be 
itated  from  solution  in  them  by  means  of  ammonia. 

exposed  to  a  very  violent  heat,  it  undergoes  a  kind 
ion,  and  b  converted  into  a  white  semi-transparent 
ain. 

Lccording  to  an  analysis  by  Berzelius,  calculated  in 
irs,  in  which  the  equivalent  number  for  lime  is  as- 
L,  phosphate  of  lime  is  composed  of 
Phosphoric  acid     34*3— 
Lime  29*0— one  atom;  so  that  it 

rs  that  the  composition  of  this  salt  cannot  be  recon- 
vith  the  atomic  theory. 

'hosphate  of  lime  has  been  employed  as  a  remedy  in  Employed 
I,  a  disease  in  which  there  appears  to  be  a  deficiency  '"  "ckett. 
I  salt  deposited  in  the  bones.   Its  usefulness  in  this 
e  may  be  considered  rather  doubtful,  unless  the  di- 
e  powers  of  the  system  should  be  improved  at  the 
time. 

Biphosphate  of  Ztme.— This  salt  may  be  formed  by  s.  Bipboi- 
ing  phosphate  of  lime  in  phosphoric  acid,  dissolved  ^^^^' 

water.  The  acid  takes  up  so  much  of  the  phosphate 
itains  its  own  weight  of  phosphoric  acid;  hence  this 
I  a  biphosphate.  It  does  not  crystallize;  but,  when 
rated  to  dryness,  forms  a  white  mass,  somewhat  deli- 
ent  in  the  air.  It  is  soluble  in  water,  but  does  not  dis- 
in  acids.  Before  the  blow-pipe,  it  fuses  into  a  trans- 
:  tasteless  glass. 

[.  ^uadriphosphate  of  Limc^^lassy  Phosphoric  Acid  s.  Qawdn- 
t  Apothecaries. — This  salt  may  be  formed  by  digest-  phosphate. 
>r  some  time,  finely  powdered  phosphate  of  lime  in  a 
Ity  of  sulphuric  acid,  sufficient  to  saturate  all  the  lime 
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Book  I.    of  the  phosphate,  and  afterwards  diluting  the  mixture  with 
DitiMontl.  ^  sufficient  quantity  of  water,  and  filtering.  Salphntc  of  lime 
remains  on  the  filter,  and  a  liquid  quadriphoaphate  passes 
through.  In  this  procesb,  the  sulphuric  acid  abstracu  three- 
fourtha  of  the  lime  contained  in  the  phosphate,  the  corres- 
ponding portion  of  acid  combining  with  the  remaining  un- 
decomposed  phosphate.  This  salt,  therefore,  ccmtains  lour 
times  the  proportional   quantity  of  phosphoric  acid  that 
exists  in  the  phosphate.  When  evaporated,  it  does  not  crys- 
ullize,  but  forms  soft  crusts,  which  are  soluble  in  water, 
and  have  an  acid  taste.  When  heated,  it  readily  melts  into 
a  transparent  tasteless  glass,  insoluble  in  water  and  acids, 
and  not  affecting  vegetable  blues.  It  is  this  salt  firom  wUck 
phosphoric  acid  is  made;  hence  the  name  g^ven  to  it  by  the 
apothecaries.  It  is  this  salt  also,  from  which  phosphate  of 
soda  is  formed  by  double  decomposition  with  carbonate  of 
soda. 
i.Sabplios-     XIII.  Subphosphate  of  Lime. — ^This  salt  occun  wdfe 
^  *^        under  the  names  of  apatite  or  asparagus  stone* 
Tungsute       XIV.  TuTiffstatc  of  Limc-^^Tung'steng  PoTiderouM Simi^^ 
of  lime.       j^  ^j^  ^^  ^^jg  32il^  ^Yi2Lt  tungstic  acid  was  diacoveicd  b)r 

Scheele.  It  is  somewhat  transparent  and  of  a  yellowish 
grey  colour.  It  is  sometimes  cr^-stallized.  It  is  iDSolaUe 
in  water,  and  not  altered  by  exposure  to  heat. 

XV.  HYDROFLUATE  OF  LIMB. 

(Usukl  clieiuical  name.  Filiate  of  IJme. — Commoii  names,  Fluor  Spar-^Df^ 

bt/shire  Spitr, 

Hydroflu-        1  •  This  salt  exists  abundantly  native,  and  therefore  need 
ate  of  hme.  i^^ygj.  )j^  formed  artificially  by  the  chemist.    In  its  pure 
state,  free  from  silica,  it  is  the  salt  from  which  hydrofluoric 
(fluoric)  acid  is  obtained  by  the  action  of  sulphuric  acid* 
Properties.      2.  Hydrofluate  of  lime  is  found  frequently  crystallized. 
Its  specific  gravity  is  about  3*15.  It  is  destitute  of  taste, 
and  insoluble  in  water.  It  is  not  altered  by  exposure  to 
air.  When  heated,  it  decrepitates  and  phosphoresces  strongly 
in  the  dark.  If  it  be  kept  hot  for  some  time,  it  loses  the 
phosphorescent  property,  which  cannot  be  restored,  unless 
its  constituents  are  separated  and  then  recombined.  Whea 
exposed  to  a  very  intense  heat,  it  melts  into  a  transparent 
glass. 

3.  According  to  an  analysis  by  Sir  H.  Davy,  given  in 
numbers,  in  which  the  acid  is  calculated  proportionaMy 
from  the  equivalent  number  for  lime,  this  salt  is  com- 
posed of 

Hydrofluoric  acid     10'9— 

Lime  S9*0-*-one  atom. 
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Sapposing  the  foregoing  numbers  correct,  and  that  this  Cbat.iV. 
salt  is  a  compound  of  a  single  atom  of  each  of  its  pri>xi-  — — — 
mate  constituents,  then  the  equivalent  number  for  hydro- 
fluoric acid  would  be  10*9. 

XVI.  SiUcoftuate  of  Lime.^-ThiB  salt  occurs  very  abun-  saieoauitc 
dantly  native,  and  cannot  be  distinguished  by  the  eye  from  ^  '*™^* 
the  hydrofluate  (fiuate).  When  distilled  with  sulphuric  acid, 
it  vieldi  silicofluoric  acid.  The  difference  between  this  salt 
and  the  last  described  should  be  attended  to;  as  it  is  only 
from  fluor  spar,  perfectly  free  from  silica,'  that  the  hydro- 
fluoric (fluoric)  acid  can  be  obtained. 

W li.  Suiphocyanate  ^Z.fme.— This  is  a  deliquescent 
salt*  which  may  be  obtained  crystallized  in  needles. 

XVII  I.  Ferrocyanate  of  Limc^^This  salt  may  be  formed 
by  pouring  fifty-six  parts  of  lime-water  upon  two  parts  of 
pcrri'errocyanate  of  iron  (Prussian  blue),  and  boiling  the 
mixture,  until  it  no  longer  alters  paper  stained  with  tur- 
meric. It  must  then  be  filtered.  ^The  liquid,  thus  obtained, 
is  a  solution  of  this  salt.  It  has  a  greenish  yellow  colour 
and  an  unpleasant  bitterish  taste.  When  evaporated,  it 
yields  small  crystalline  grains. 

XIX.  Oxalate  of  I.tm^.'^This  salt  may  be  formed  by  Oxalate, 
dropping  oxalic  acid  into  a  solution  of  any  salt  of  lime.  It 
immediately  precipitates  in  the  form  of  a  white  powder, 
which  is  destitute  of  taste.  The  readiness  with  which  oxalic 

acid  forms  this  salt,  when  it  comes  in  contact  with  lime, 
makes  it  a  very  useful  test  for  the  presence  of  the  latter 
substance. 

XX.  Tartrate  of  Lime^^This  salt  may  be  formed  by  Tartrate  of 
adding  carbonate  of  lime  (chalk)  in  powder  to  a  solution,  '^°^^- 

in  boiling  water,  of  bitartrate  of  potash  (cream  of  tartar), 
as  long  as  any  effervescence  ensues.  The  carbonate  is  de- 
composed; its  acid  is  evolved  and  causes  the  efftrrvescence, 
while  its  base  combines  with  the  excess  of  acid  in  the 
bitartrate,  and  falls  down  in  the  form  of  an  insoluble  tar- 
trate of  lime.  This  salt  is  a  tasteless  white  powder,  nearly 
insoluble  in  cold  water.  It  is  rendered  soluble,  however, 
by  being  mixed  with  tartrate  of  potash  ^soluble  tartar)  or 
tartrate  of  potash-and-soda  (Rochelle  salt). 

XXI.  Tartrate  of  Potash^and-Lime  may  be  formed  by  Tartrate  of 
adding  lime-water  to  a  solution  of  tartrate  of  potash,  until  ^'**'*"''" 
a  precipitate  begins  to  appear,  and  allowing  the  mixture  to 
depositc  crystals  by  spontaneous  evaporation. 

XXII.  Benzoate  of  Lime  may  be  worih  mentioning,  in  Benzoate 
order  to  insert  the  curious  fact  that  it  has  been  found  abun-  *>^  *»*"*• 
dantly  in  the  urine  of  cows.  It  is  in  the  form  of  white, 
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BookL  shining,  pointed  crystals  of  a  sweetish  taste,  which  an 
Uwimm  n.  much  more  soluble  in  hot  than  in  cold  water. 

XXIII.  Moroxylate  of  limr.— •This  is  die  salt,  found 
crystallized  on  the  bark  of  the  mulberry  tree,  and  from  which 
the  moroxylic  acid,  already  described,  is  obtained. 
Kimte  of        XXIV.  JRnate  of  Lime  has  already  been  noticed  as  the 
Umes         ^i  q{  Deschamps,  from  which  Vauquelin  first  obtained  die 
kinic  acid.  It  may  be  prepared  by  macerating  yellow  Peni« 
vian  bark  in  water,  concentrating  the  liquid  formed,  and 
setting  it  aside  for  sponuneous  evaporation.  It ,  is  in  the 
form  of  white  crystals,  destitute  of  taste,  and  having  tome 
flexibility  under  the  teeth.  It  dissolves  in  about  five  times 
uied  in  me-  its  Weight  of  cold  Water.  It  has  been  used  in  medicine  as 
dioine.       ^  substitute  for  the  Peruvian  bark,  and  it  b  said  to  possess 
all  the  virtues  of  this  valuable  medicine. 

list  nftaitf  Besides  the  salts  of  lime  here  mentioned,  there  Iiave  been 
dcioriUd!*  described^  more,  or  less  accurately  by  chemists,  the  sul- 
phite, hyposulphite,  selenate,  hydroselenate,  tellurate,  bo- 
rate, hypophosphite,  arseniate,  arsenite,  chromate,  mdlyb* 
date,  antiroonite,  urate,  gallate,  purpurate,  sorbate,  succioatef 
acetate,  saclactate,  citrate,  mellate,  camphorate,  malate, 
lactate,  suberate,  zumate,  and  boleute;  but  these  salts  are 
not  of  sufficient  importance  to  be  described.  The  remain- 
ing salu  of  lime,  amounting  in  number  to  16,  are  a&« 
known. 

General  The  salts  of  lime  may  be  recognised  by  the  following 

S^K'iMiJti  general  properties  or  marks. 

of  lime.  1.  A  large  proportion  of  them  are  insoluble,  and  those 

which  are  soluble  cannot  be  crystallized. 

2.  The  insoluble  salts,  by  being  boiled  in  a  solution  of 
carbonate  of  potash,  yield  a  white  powder,  which  is  soluble 
with  effervescence  in  nitric  acid,  and  has  all  the  characters 
of  carbonate  of  lime  (chalk). 

3.  The  soluble  salts,  upon  the  addition  of  potash  or  sods, 
let  fall  a  white  powder,  which  has  all  the  properties  of  pnie 
lime. 

4t  When  oxalate  of  ammonia  is  dropped  into  a  salt  of 
lime,  a  dense  white  precipitate  immediately  appears,  coO" 
sisting  of  oxalate  of  lime. 
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SECTION  VI. 

SALTS  OF  BARTTlSS. 

» 

Salts  or  Barttes  are  combioations  of  the  salifiable  baseStitiortNi-k 
baiytes  with  the  different  acids.  The  most  important  of  ^^  ^^ 
these  salts  are  the  following*  •«ni>«> 

I.  Chlorate  of  Barytes.^^Vormet  chemical  name,    Hy-  Chlorate  «r 
peroxymdrtate  (^  £ar^f^««— This   salt  may  be  obtaiasd '**^'' 
and  purified  by  an  analogous  process  to  that  given  for  form- 
ing chlorate  of  lime,  to  which  salt  the  reader  is  referred* 

It  has  a  sharp  austere  taste,  and  is  soluble  in  about  four 
times  its  weight  of  cold  water.  When  heated,  it  loses  39 
per  cent,  in  oxygen  gas. 

II.  Hydrochlorate  of  Barytes  does  not  exist.    This  is  Hydrochlo* 
made  evident  from  the  circumstance,  that  chloride  of  bari"  "^  ^^ 
urn,  artificially  formed,  does  not  differ  from  the  compound, 
which  is  generally  considered  a  muriate  (hydrochlorate) 

of  barytes.  Hence  the  presumption  is  that  hydrochloric 
(muriatic)  acid  and  baiytes  never  come  in  contact  without 
mutual  decomposition. 

III.  lodate  of  i3anyfe«.— -This  salt  may  be  obt^ned  by 
dissolving  carbonate  of  bar>'tes  in  iodic  acid.  It  precipitates 
in  a  powder,  which,  after  being  dried,  resembles  flour. 
When  heated  sufficiently,  it  is  decomposed  into  oxygen, 
iodine  and  h»r\tes. 

IV.  Hydriodate  of  Baryte8,~^*Th\s  salt  is  in  the  form  of 
crystals,  very  soluble  in  water  and  slightly  deliquescent. 
When  exposed  to  the  air,  it  is  partially  decomposed;  a  por- 
tion of  its  acid  is  dissipated,  and  carbonate  of  barytts^ 
formed.  In  close  vessels,  it  may  be  heated  to  redness  with- 
out  undergoing  alteration;  but  at  the  same  heat  in  the  open 
air,  it  is  converted  into  iodide  of  barium. 

V.  Sulphate  of  Barytes.^^Formcrly  called.  Ponderous  SaipfiaU  of 
J3^ar.«-This  salt  is  found  abundantly  in  different  parts  of ''*^^* 
the  world.  Its  composition  was  first  ascertained  by  Gahn.  It 

ia  found  native  crystallized,  but  has  never  been  obtained  in 
crystals  by  art.  It  is  insoluble  in  water,  and  in  sulphuric 
acid  unless  concentrated  and  boiling.  When  suddenly 
heated,  it  breaks  to  pieces  and  flies  about  with  a  crackling 
noise,  owing  to  the  conversion  of  the  water  which  it  contains 
into  vapour.  Before  the  bloW'-pipe,  it  melts  into  a  white 
Opaque  globule.  When  formed  into  a  thin  cake  with  flouf 
and  water,  and  heated  to  redness,  it  acquires  the  property 
of  phosphorescing  in  the  dark.  There  is  a  variety  of  this 
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Book  I.   salt  found  native,  called  Bologna  Mtone^ 
S%iiiionll.  petty  naturail).  li  is  composed  of 

Sulphuric  acid  40<-^oiie  atom* 

Baryics  78— 

118 
Supposing  this   salt  to  be  a  compound  of  a  single  atom 
of  each  of  its  ingredients,  then  the  number  representing  an 
atom  oi  bar>tes  would  be  78,  and  that  for  the  salt^  118. 

VI.  Hydrostdphate  of  Barytes. — Usual  chemical  name, 
Hydrosulphuret  ofBarytes. —  This  salt  may  be  otHuDed  by 
pouring  boiling  water  over  sulphuret  of  barytes.  As  the  aolu- 
tion  obtained  cools,  a  number  of  crystals  form,  which  consist 
of  the  salt  in  question.  In  this  process,  by  the  decomposi- 
tion of  water,  a  large  quantity  of  hydrosulphuric  acid  gas 
(sulphuretted  hydrogen)  becomes  formed;  part  of  which 
combines  with  the  bar}*tes  and  is  deposited  in  crystals. 
The  remainder,  before  it  combines  with  the  barytes,  uoites 
with  an  excess  of  sulphur,  and  then  forms,  with  diis  alkaUne 
base,  a  hydrosulphite  (hydroguretted  sulphuret),  which  re- 
mains in  solution.  Hydrosulphate  of  barytes  is  in  the  form 
of  white  crystals,  possessing  a  silky  lustre.  Its  solution  ia 
water  has  a  slight  green  tinge,  and  an  acrid  and  sulpboreous 
taste.  When  exposed  to  the  air,  it  is  readily  decomposed* 

VII.  Hydrosulphite  of  Baryte8.^^\J%\iA  chemical  aamCi 
Hydroguretted  Sulphuret  of  Barytes.'^^Thh  salt  remains  in 
solution,  after  the  crystals  of  hydrosulphate  of  barytes  have 
deposited  from  the  liquid,  formed  by  treating  sulphuret  of 
barytes  with  boiling  water.  It  has  a  green  colour  and  an 
acrid  taste. 

VIII.  Nitrate  of  Barytes — This  salt  may  be  obtained 
by  dissolving  native  carbonate  of  bar)'tes  (witherite)  in 
nitric  acid,  and  evaporating  the  solution,  until  crystals 
form.  It  has  a  hot,  acrid  and  austere  taste.  It  is  soluble  in 
twelve  parts  of  cold  water,  and  in  three  or  four  parts  of  boil- 
ing water.  Its  specific  gravity  is  2'9  It  undergoes  very 
little  change  in  the  air.  When  exposed  to  heat  on  coals,  it 
decrepitates,  undergoes  a  kind  of  fusion,  and  afterwards 
becomes  dry*  In  a  very  strong  heat,  its  acid  is  dissipated, 
and  pure  bar}^tes  remains  behind.  It  is  composed  of 

Nitric  acid       54 — one  atom. 
Barjtes  78— 

132 
On  the  supposition  that  this  salt  contains  one  atom  of 
barytes  onl\,  it  is  perceived,  that,  from   its  composition, 
the  same  equivalent  number  is  deduced  for  the  atom  of 
barytes,  as  from  the  composition  of  the  sulphate. 
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IX.  Carbmuae  of  Barytt9.^^Witherite  of  Minenlogists.—  Ciap.  it. 
Tlus  salt  may  be  prepared,  artificially,  by  exposing  baryua  Carbonate 
water  to  the  open  air,  or  by  submitting  it  to  the  action  of  a  of  buytes. 
stream  of  carbonic  acid  gas.  It  was  first  examined  by  Berg* 
nan;  but  Dr.  Withering  discovered  it  native,  and  hence  its 
name  of  witherite.  It  exists  native  in  crystals.  It  has  no 
lensible  taste.   The  specific  gravity  of  native  specimens  is 
4*3,  while  that  of  the  salt,  artificially  formed,  scarcely  ex- 
ceeds 3*7.  It  is  but  sparingly  soluble  in  water,  and  not 
altered  by^xposure  to  the  air.  In  a  very  violent  heat  along 
with  charcoal,  it  is  decomposed.  It  is  not  employed  in  me« 
dicine,  but  is  used  in  the  preparation  of  the  chloride  of 
barium,  which  is  officinal.  It  is  composed  of 

Carbonic  acid       22— -one  atom. 

Barytes  78*^ 

100 
He  above  numbers  scarcely  diiFer  from  those  of  the  most 
areful  analyses,  heretofore  made  of  this  salt.  This,  there* 
9re,  is  an  additional  evidence  that  78  is  the  real  equivalent 
umber  for  barytes. 

X.  Hydrofluate  of  fiaryf^^.— Usual  chemical  name,  Flu'  Hydroflu- 
te  €(f  Barytes. '•^yfhtn  hydrofluoric  (fluoric)  acid  is  drop-"^^***' 
trd  into  barytes  water,  this  salt  is  precipitated  in  white 

ocks,  which  are  tasteless,  and  insoluble  in  water. 

XI.  SiRcofluate  of  Barytes. "^Usxidl  chemical  name,  Silt" 
ited  Fhuite  of  Barytes. '^Whtn  nitrate  of  barytes  is  poured 
ito  silicofluoric  (fluosilicic)  acid,  after  an  interval  of  some 
linutes,  this  salt  precipitates  in  the  form  of  small  hard 
ystals,  which  are  insoluble  in  water,  and  in  nitric  and  hy- 
rocbloric  (muriatic)  acids. 

XII.  Sulphocyanate  of  Barytes  is  a  deliquescent  salt  in 
le  form  of  crystals  of  a  brilliant  white  colour. 

XIII.  Ferrocyanate  of  Barytes  .^^^ThAs  salt  may  be  form-  Ferrocya- 
1  by  adding  perft-rrocyanate  of  iron  (Prussian  blue)  to  hot  "*[^j**^ ***' 
irytes  water,  until  the  former  ceases  to  be  discoloured.  ' 

lie  liquid  thus  obtained,  after  being  filtered  and  gently 
'aporated,  yields  crystals  consisting  of  this  salt.  It  has  a 
rllow  colour,  and  is  sparingly  soluble  in  water.  When  ex- 
>8ed  to  a  red  heat,  it  is  decomposed,  and  its  acid  destroy- 
I.   According  to  an  analysis  by  Porrett,  it  is  composed  of 

Ferrocyanic  acid       68 '2 — 

Barytes  78-0 — 

ssuming  78  for  the  equivalent  number  for  barytes,  it  is 
Tceived  that  the  proportion,  in  which  the  proximate  con- 
ituents  of  this  salt  combine,  goes  to  confirm  the  chemical 
institution,  assigned  by  Porrett  to  the  ferrocyanic  acid. 
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Book  I.  XI V.  Acctaie  of  BaryteM.-^Vrhok  baiytet  or  its  ctifco- 
IKtiiionit  nute  jg  dissolved  in  sicctic  acid,  or  when  the  sulpharet  of 
Acoutei  barytes  is  decomposed  by  the  same  acid,  the  liquid  fur<ii€d 
dcposites  this  salt,  by  spontaneous  evaporation,  in  transpa* 
rent  needle*form  crystals.  It  has  an  acrid  and  somewhat 
bitter  taste,  and  effloresces  in  the  air.  It  is  decomposed  by 
almost  all  the  sulphates;  its  base  precipitating  in  comhina* 
tion  with  sulphuric  acid.  From  this  circumstance,  it  ia  o&ea 
employed  to  detect  sulphuric  acid  in  solutions* 

lirtofthe        Of  the  remaining  salts  of  barytes,  there  have  been  more 
'^'^^ot'  ^^  ^^  described  by  chemists,  the  sulphite,  aelenate,  hydro-  - 
SnoribMl.  selenate,  tellurate,  borate,  phosphate,  phosphite,  h}  pophot- 
phite,  arseniate,  arsenite,  chromate,  tungstate,  antimoniate, 
anumonite,  Mrate,  purpurate,  formate,  oxalate,  aoibaie,  suc- 
cinate, tartrate,  benzoate,  sadactate,  citrate,  mellate,  cam- 
phorate,  malate,  lactate,  suberate,  zumate,  and  boletate;  but 
these  salts  are  of  too  little  importance  to  be  described.  The 
rest  of  the  salts  of  barytes,  amounting  in  number  to  IS,  are 
unknown. 
Chemieai        Several  of  the  salts  of  barytes  are  of  considerable  im* 
•iiSof  te^  portance  to  the  chemist.   It  was  by  taking  advanuge  of  the 
iTtet.         msolttbility  of  the  sulphate,  that  Porrett  was  enabled  to  in- 
sulate  the  ferrocyanic  acid,   and   Gay-Lussac,  to  dbtaiA 
chloric  acid  in  a  separate  state.  The  processes,  by  which 
these  acids  are  obtained,  have  been  already  described. 
Thej  mre        All  the  salts  of  barytes  are  poisonous,  unless  the  sulphate 
poaonoui.  j^  ^^  exception.  The  innocence  of  this  salt  is  to  be  attribu- 
ted to  its  great  insolubility*  What  was  formerly  considered 
to  be  a  muriate  (hydrochlorate)  of  barytes,  but  now  found 
a  chloride  of  barium,  has  been  used  in  medicine;  but  its 
utility,  as  a  remedy,  is  rather  equivocal.  The  medical  pro- 
perties attributed  to  it  have  been  noticed  under  the  head  of 
chloride  of  barium. 
The  con»ti-      By  the  analyses,  which  have  been  selected  in  the  present 
1^1^,*       section,  the  reader  has  no  doubt  observed,  thai  78  reprc- 
mKy  be  cal-  scnts  the  atom,  or,  if  the  term  be  preferred,  the  combining 
fromcer-    height  of  barytes.  This  alkaline  base  has  not  been  analyzed 
uin  dau.    with  precision,  but  notwithstanding  the  proportion  in  which 
its  constituents  combine  may  be  made  evident  by  data  fur- 
nished in  the  analysis  of  chloride  of  barium,  given  at  page 
61.  By  this  analysis,  it  is  perceived,  that  the  number  repre- 
senting the  atom,  or  combining  weight,  of  barium  is  70* 
Now  if  it  be  supposed,  agreeably  to   the  analogy  of  the 
other  alkaline   salifiable   bases,    that  barytes   contains  one 
atom  only  of  oxygen,  then  the   weight  of  its  compound 
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atom  would  be  yo+8«B78,  the  same  number,  which  is  ob«  CsAr.lV. 
tained  b>  the  aualysis  oi*  the  salts  of  barytes.   This  coinci-  -*-"-—— 
dence  makes  it  almost  certaiu,  without  recourse  to  analysis^ 
that  barytes  is  composed  of  70  barium+8  oxygen* 

The  salts  of  barvtes   may  be  known  by^  the  following  Generti 
genend  properties  or  marks.  .      ,  ^,     .  iX'Si 

1.  A  large  proportion  of  them  are  insoluble  in  water,  tfbMytct. 
•▼en  larger  than  of  the  salts  of  lime. 

S«  When  a  small  quantity  of  sulphate  of  soda  (Glauber's 
salt)  is  dropped  into  them,  there  is  formed  a  white  precipi* 
tate,  which  is  insoluble  in  sulphuric  acid,  and  has  the  pro- 
perties of  sulphate  of  barytes. 

3.  When  heat  is  applied  to  them,  they  remain  unaltered, 
unless  they  should  contain  a  combustible  or  volatile  acid. 
In  the  first  case',  the  acid  is  driven  oflF;  in  the  second,  it  is 
converted  into  carbonic  acid,  which  combines  with  the 
barytes* 


SECTION  VII. 

SALTS  OF  STRONTIAK. 

Salts  or  Strowti an  are  combinations  of  strontian  with  SaIu  of 
the  different  acids.  The  following  are  the  most  important  JJ[5|J*|!J2i, 
of  these  salts.  pounds. 

I.  Chlorate  of  Strontian.'^Vorxner  chemical  name,  i?jy- Chionu  of 
prroxytnuriatc  of  Strontian.-^This  salt  may  be  obuined  ■'«»**"• 
and  purified  by  a  similar  process  to  that  given  for  obtaining 
chlor^e  of  lime.  It  is  in  the  form  of  deliquescent  crystals. 

On  burning  coals,  it  undergoes  fusion  and  emits  a  purple 
flame. 

II.  Hydrochhrate  of  Strontian  does  not  exist.    When  Hydraehi^. 
hydrochloric  acid  and  strontian  are  allowed  to  act  on  each  nte  does 
othcfr,  a  double  decomposition  takes  place,  and  water  and'^^"'^ 
chloride  of  strontium  are  formed. 

III.  lodate  of  Strontian.'^This  salt  may  be  obtained  by 
dissolving  carbonate  of  strontian  in  iodic  acid.  It  is  in  the 
form  of  small  cr\'stals  which  are  soluble  in  water. 

IV.  Hydriodate  of  Strontian.^^This  salt  is  very  soluble 
in  water.  It  melts,  when  exposed  to  a  heat  rather  below 
redness.  Its  fusion  produces  but  little  alteration  in  close 
vessels,  but,  in  the  open  air,  causes  a  partial  decomposition, 
vapours  of  iodine  being  emitted. 

V#  Sulphate  of  •Sfrowrian.— This  salt  may  be  formed  Sulphate 
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Book  I.  artificially  by  dropping  sulphuric  acid  into  strontian  water. 
iXviiioull.  ii  occurs  abundantly  native,  usually  io  the  form  of  crj^tab, 
in  different  parts  of  the  world.  It  is  destitute  of  taste,  and 
scarcely  soluble  in  water.  Sulphuric  acid  dissolves  it  m- 
dily  by  the  assistance  of  heat;  but  it  is  separated  again  by 
the  addition  of  water.  It  is  composed  of 

Sulphuric  acid        40— -one  atom. 
Strontian  52— 

92 
The  numbers,  above  given,  scarcely  differ  from*  the  most 
accurate  analyses,  hitherto  made  of  this  salt.    Supposing 
one  atom  only  of  strontian  in  its  composition,  then  the 
number  representing  the  atom  of  strontian  would  be  52. 
Nitrate.  VI.  Nitrate  of  Strontian^ — ^This  salt  may   be  formed, 

either  by  dissolving  carbonate  of  strontian  in  nitric  acid,  or 
decomposing  the  sulphuret  of  strontian  by  means  of  the 
same  acid.  In  either  case,  the  liquid  obtained  is  evaporated 
to  dryness,  re-dissolved  in  water,  and  then  evaporated  slow- 
ly, until  crystals  form.  This  satt  has  a  strong,  pungent, 
cooling  taste.  Its  crystals  arc  perfectly  transparent,  and 
possess  a  great  deal  of  lustre*  Its  specific  gravity  is  3*0(i6. 
It  is  soluble  in  its  own  weight  of  cold  water,  and  in  a  little 
more  than  half  its  weight  of  boiling  water.  In  the  air,  it 
undergoes  no  change.  It  deflagrates  on  hot  coals;  and,  in  a 
crucible  exposed  to  heat,  it  first  decrepitates  gently,  and 
then  melts.  At  a  red  heat,  it  boils  and  its  acid  is  dissipated. 
If  a  combustible  be  brought  in  contact  with  it  at  this  time, 
it  deflagrates  with  a  vivid  red  flame.  When  one  of  its 
crystals  is  put  into  the  wick  of  a  burning  candle,  it  com- 
municates a  purple  colour  to  its  flame.  It  is  composed  of 

Nitric  acid         54f-— one  atom. 

Strontian  52— 
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The  numbers,  above  given,  scarcely  differ  from  those  of  the 
best  analyses,  heretofore  made  of  this  salt  and  it  is  per^ 
ceived  that  the  equivalent  number  for  strontian  turns  out  to 
be  the  same  as  when  deduced  from  the  sulphate. 
Carbonate.  VII.  Carbonate  of  Strontian.'^This  salt  has  been  found 
native  at  Strontian  and  Leadhills,  in  Scotland.  It  was  first 
distinguished  from  carbonate  of  barytes,  in  1 798,  by  Craw- 
ford. It  is  usually  found  in  striated,  semi-transparent  masses 
of  a  greenish  tinge.  Its  specific  gravity  is  about  3*66.  It 
has  no  taste,  and  is  nearly  insoluble  in  water.  It  is  not  al* 
tered  by  exposure  to  air.  When  made  into  a  paste  with 
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chaitoal  tnd  strongly  heated,  it  u  entirety  deoompoted*  It  0«a>.iv. 

is  composed  of  — — — 

Carbonic  acid        23— one  atom* 

Strontian 


74 
As  the  same  quantity  of  strontian  confibities  with  an  atom 
of  carbonic  acid,  as  with  an  atom  of  sulphuric  or  nitric 
acid,  the  equivalent  number  for  an  atom  of  this  base  may 
be  safely  taken  at  52;  and  74  m.iy  be  considered  as. the 
number  representing  the  weight  of  an  atom  of  carbonate  of 
strontian. 

VIII.  Hydrofluate  of  Strontian.'-^XJ^xiJL  chemical  name,  HydroAuf 
Fktaie  of  Strontian.'^yifhftvk  hydrofluoric  (fluoric)  acid  is*(«- 
dropped  into  strontian  water,  this  salt  precipitates  in  the 

form  of  a  white  powder,  insoluble  in  water,  but  soluble  in 
hydrofluoric  (fluoric),  nitric,  and  hydrochloric  (muriatic) 
acids. 

IX.  Ferrocyanate  of  Stronfian»'^UsuB\  chemical  names,  FemMji' 
Triple  Prwtsiate  of  Strontian;  Prussiate  of  Strontian-and'  ""^ 
^0/1.— >This  salt  may  be  termed  by  adding  perferrocyanate 

of  iron  (Prussian  blue)  to  hot  strontian  water,  as  long  as 
the  former  becomes  discoloured,  and  evaporating  gendy 
the  liquid  obtained,  until  it  deposites  crystals.  It  does  not 
cr\  staiUze  nearly  so  readily  as  the  ferrocyanate  of  barytes. 
When  evaporated  to  dryness,  it  does  not  deliquesce.  It  is 
soluble  in  less  than  four  times  its  weight  of  cold  water. 

Of  the  remaining  salts  ot  strontian,  the  following  have  List  of  nit* 
been  more  or  less  ex  <mincd  by  chemists;  namely,  ihe  hy  ^^'j^^J 
posulphite,  hy  drosulphate,  hydrosulphite,  selenute,  hydro- ed. 
selenate,  borate,  phosphate,  hypophosphite,  arseniate,  arse* 
nite,  chromate,  sulphocyanate,   urate,  purpurate,  oxalate, 
succinate,  acetate,  tartrate,  citrate  and  zumate;  but  these 
salts  are  of  too  little  importance  to  be  described.   The  rest 
of  the  salts  of  strontian^  amounting  to  34,  are  unknown. 

From  the  analyses,  which  have  been  given  of  the  salts  of  The  com* 
strontian,  it  appears  that  the  atom  or  combi  ling  weight  of  JJJ^"jj"j^ 
strontian  is  represented  by  52.    JBy  the  composition  of  the  may  be  cal» 
chloride  of  strontium,  it  appears  that  the  atom  of  strontium  ««»^^«<** 
b  represented  by  44.  Now,  if  it  be  supposed  that  strontian 
contains  one  atom  of  oxygen,  then  its  co  nposition  will  be 
44  strontium  +  8  oxygen  «■  52.  This  composition  agreeing 
precisely  with  the  equivalent  number  for  strontian,  deduced 
from  its  salts,  its  correctness  may  be  considered  as  almost 
oertaln. 

The  salts  of  strontian  may  be  distinguished  by  the  fol-  Geneni 
lowing  properties  or  marks.  propertiwi 
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Boost;       1«  They  are  in  general  more  soluble  thtli  the  islu  of 

DjyUion  U.  barvttrs*  bui  K  S8  so  \  ban  the  salts  of  lime. 

of  tht  Miu      2.  Tbtrir  solutions  in  water  are  precipitated  by  the  tnl- 

frf itrontiiui.  phates,  phosphatrs,  and  oxalates. 

3.  They  are  distinguished  from  the  salts  of  barytes,  wttf 
readily,  by  means  of  oxalate  of  ammonia.  This  salt,  whcA 
dropped  into  the  salts  of  strontian,  produces  no  precipitaie; 
but  when  added  to  the  salts  of  barytes,  a  precipitate  imme- 
di*tely  appears* 

4*  A  piece  of  paper,  dipped  in  a  salt  of  strondan  and 
set  on  fire,  bums  with  a  red  flame;  but  after  being  fippcd 
into  a  salt  of  barvtts,  it  burns  with  a  yellow  flame. 

5.  The  salts  of  strontian  are  not  poisonous,  as  is  the  caw 
with  the  salts  of  barytes. 


SECTION  VIII. 

SALTS  OF  MAGNESIA. 

Stitaof  Salts  or  Maomesia  are  combinations  of  magnesia  with 
whlfTo^  the  different  acids.  The  following  are  the  most  important 
pound!.  of  these  salts. 

Chlorate  of     I*  Chlorate  of  Magnesia.-^'Vormtr  chemical  name,  ITy- 

magnesia,   peroxymurtate  of  Magnesia  —  This  salt  may  be  prepared 

and  purified  in  the  same  manner  as  the  chlorate  of  lime, 

which  it  resembles  very  much  in  properties. 

Hydrochlo-      IL  Hydrochlorate  of  Magnesia  tiocs  not  exist.   What 

rati-  d<H-»    j^gj  been  previ<juslv  consiclertd  a  muriate  (hydrochlorate) 

of  magnesia  dots  not  differ  from  chloride  of  magnesium, 

artificially  formed.    H  nee  there  is  reason  to  believe  that 

hydrochloric  (muriatic)  acid  and  magnesia  never  act  upon 

each  other  without  mutunl  decomposition. 

III.  Hydriodate  of  Magnesia.'-^'Thx^  is  a  deliquescent, 
difficultly  crystallizable  salt,  which  is  decomposed  whea 
heated  to  redness,  its  acid  being  driven  off* 

IV.  SULPHATE  OF  MAGNESIA. 

(Common  names,  Vitriolated  Mtigneda — Epwm  Salt.) 

Salphateof      1*  This  salt  is  obtained,  in  great  abundance,  by  evaporS' 
magnesia;    jjon,  from  the  bittern,  left  after  the  extraction  of  chloride  of 
1100^^^'     sodium  (common  salt)  from  sea  water.  It  exists  plentifully 
in  the  springs  at  Epsom  in  England,  from  which  it  is  ob- 
tained in  considerable  quantity,  mixed  with  a  portion  of 
sulphate  of  soda  (Glauber's  salt). 
2.  It  is  obtained  in  Italy  from  certain  minerals  contain* 
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ing  Md|diqr  and  magoetia*  .These  minersls  are  first  Kiasted,  Cv^r.  i v. 
and  afterwards  moisteoed  with  water  and  exposed  to  the  ■  -  ■  "" 
air*  By  this  treatment,  the  sulphur  becomes  acidified,  and 
the  sulphate  of  magnesia  crffloresces  on  their  surSuie*  The 
salt  is  afterwards  purified  by  solution  in  water,  by  treatment 
with  lime  to  precipitate  any  metallic  substance,  and  by  re- 
peated crystallizations. 

3.  Sulphate  of  ma^piesia  has  an  intensely  bitter  taste.  Its  Proper- 
specific  gravity  is  1*66.  It  dissolvtrs  in  its  own  weight  of  ^^^ 
cold  water,  and  in  rather  less  than  two-thirds  of  its  weight 
of  boiling  water.  When  exposed  to  the  air,  it  effloresces 
and  is  reduced  to  powder*  Its  deliquescence  is  owing  to  the 
presence  of  chloride  of  magnesium  (muriate  of  magnesia.) 
When  exposed  to  heat,  it  undergoes  the  watery  fusion,  and 
afterwards,  if  the  temperature  be  increased,  its  watrr»  which 
amounts  to  about  half  its  weight,  is  driven  off,  and  the  salt 
becomes  dry;  but  it  is  not  decomposed,  however  high  the 
temperature  may  be  raised.  Before  the  blow -pipe,  it  melts 
with  difficulty  into  a  vitrepus  globule.  It  is  composed  of      Compcvi- 

Sulphuric  acid  40-— one  atom.  ^'^- 

Magnesia 


60 
Supposing  this  salt  to  contain  but  one  atom  of  its  base, 
thien  the  equivalent  number  for  magnesia  would  be  20. 

4.  In  medicine,  sulphate  of  magnesia  is  a  mild  and  gentle  Medical 
purgative,  operating,  in  general,  without  occasioning  grip-  P">P«rti«'- 
log  or  sickness  of  stomach.  It  may  be  so  managed,  however, 
as  to  promote  evacuation  through  other  channels.  If  the 
patient  be  kept  warm  after  its  exhibition,  it  promotes  per- 
spiration; and,  if  he  take  exercise  in  the  cool  air,  it  pro- 
duces discharges  through  the  kidneys.  Its  dose  is  from 
six  drachms  to  one  ounce. 

V.  Nitrate  ^  Afeg^w/ a.— This  salt  may  be  prepared  by  Nitrate  of 
saturating  nitric  acid  with  magnesia,  and  evaporating  the  ™»P>««»- 
solution  thus  obtained  to  a  proper  consistency.  It  precipi- 
tates in  the  form  of  crystals,  which  have  a  bitter  and  dis- 
agreeable taste.  It  dissolves  in  a  litde  more  than  its  weight 
of  cold  water,  and  in  a  smaller  proportion  of  boiling  water. 
In  the  air,  it  is  deliquescent.  When  exposed  to  heat,  it 
undergoes  the  watery  fusion,  and,  if  the  heat  be  continued, 
loses  its  water  of  crystallization,  amounting  to  about  thirty 
per  cent,  and  is  converted  into  a  dry  powder.  In  a  strong 
neat,  its  acid  is  decomposed  and  driven  off,  while  its  base 
remains  behind  in  a  state  of  purity.  It  is  composed  of 

Nitric  acid     54— -one  atom. 

Magnesia       20— 
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Boocl.   If  this  salt  contun  but  one  atom  of  its  baae^  then  the 
Dinriwll.  equivalent  number  for  magnesia  will  be  twenty,  exactly 
the  same  number  which  is  deduced  from  the  compositios 
of  the  sulphate. 

Magneiit  Carbonic  acid  combines  in  two  proportions  with  magnesiii 
mJu  with'       and  forms  carbonate  and  bicarbonate  of  magnesia* 

••r^o  VL  CARBONATE  OF  MAGNbSIA. 

aoid. 

(Commonly  eallcd,  H'kite  •Majraeiia.) 

1.  Carbo.  l.This  salt  may  be  obtained  by  mixing  tOKther,  lolu- 
maiennia-  ^^^°'  ^^  equal  parts  of  sulphate  of  maenesia  TEpsom  Sdk) 
bow  obtain,  and  carbonate  of  potash  (salt  of  tartar),  and  boiling  them 
^'  for  some  time;  a  white  precipitate  is  formed,  which  con* 

sists  of  carbonatf  of  magnesia.  It  must  be  washed  repeat* 
edly  with  waten  until  this  liquid  comes  off  tasteless. 

2.  The  explanation  of  the  above  process  is  this:  By  the 
mutual  action  of  the  salts  employed,  a  double  decomposi- 
tion takes  place,  and  there  is  formed  sulphate  of  potash  (vi- 
trioluteil  tartar)  and  bicurbonate  of  magnesia.  Both  these 
salts  remain  m  solution  at  first;  but,  by  the  subsequent  boil- 
ing, some  carbonic  acid  is  driven  off,  whereby  the  bicarbo- 
nate is  convert  d  into  a  carbonate,  which,  being  insoluble, 
immediately  forms  a  precipitate*  It  requires  to  be  washed, 
in  order  to  dissolve  away  any  sulphate  of  potash,  with 
which  it  mav  be  mixed. 

3*  Carbonate  of  magnesia,  in  the  large  way,  is  generally 
obtained  from  bitttrn,  or  the  liquor  which  is  Uft  after  the 
crystallization  of  chloride,  of  sodium  (common  salt),  in  salt 
works.  This  liquor  contains  chloride  of  magnesium  (mu« 
riatc  of  magnesia)  and  sulphate  of  magnesia* 

4.  It  may  be  obtained  also  in  the  process  for  forming  sul- 
phate of  ammonia,  for  the  purpose  of  forming  afterwards 
hydrochlorate  of  ammonia  (sal  ammoniac)  by  double  decom- 
position with  chloride  of  sodium  (common  salt).  This  suU 
phate  is  prepared  by  double  decomposition,  from  sulphate  of 
magnesia  (Epsom  salt)  and  carbonate  of  ammonia  (:nild 
volatile  alkali);  and  there  is  obtained,  at  the  same  time,  a 
carbonate  of  magnesia.  By  this  process,  it  was  manufacture 
ed  by  Dr.  Campbell  in  England. 

5.  This  salt  exists  abundantly  native,  in  the  magnesian 
lime-stone  of  England*  It  has  been  for  a  long  time  known, 
but  its  composition  was  first  ascertained  by  Dr.  Black. 

^roiiertics.      6*  Carbonate  of  magnesia  is  a  very  light,  white,  opaqtie 
substance,  destitute  of  taste  or  smell.  It  is  soluble  in  about 
^480  times  its  weight  of  water. 


How  ob» 
tained  in 
the  large 
■way. 


Another 
method. 
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7*  It  is  composed  of  qk^.  ly^ 

Carbonic  acid        33*-M>ne  atom*  -  - 
Magnesia               li 


40 
This  aiialysis  gives  18  for  the  equivalent  number  of  magp- 
Dcsid.  This  number  does  not  agree  very  well  with  that  de- 
duced from  the  compositiod  of  the  sulphate  and  nitrate. 

8*  As  a  medicine,  the  properties  of  carbonate  of  magneMi  MediMl 
art  those  of  a  purgative  and  corrector  of  acidity.  lu  purga-  P^V^rti^* 
ti*e  property,  however,  is  not  very  manifest,  unless  it  meet 
widi  an  acid  in  the  stomach;  in  which  case,  it  is  decomposed, 
and  its  base,  combining  with  such  acid,  forms  a  new  com- 
pound, which  often  proves  purgative.  When  such  a  decom- 
position takes  place,  the  extrication  of  carbonic  acid  will 
sometimes  create  a  troubU-some  flatulence. 

VU.  BICARBONATE  OF  MAGNESIA. 

1.  This  salt  may  be  obtained  by  mixing  together,  in  so-  8.  Bieariw 
ution,  123  parts  of  sulphate  of  magnesia  (Epsom  salt)  and  "^^^^ 
.36  parts  oi  carbonate  of  soda,  and  filtering  the  liquid 
brmed.  In  a  few  days,  the  bicarbonate  falls  down  in  cr)rs- 
als.  It  may  be  formed  also  by  passing  carbonic  acid  into 
rater,  in  which  carbonate  of  magnesia  has  been  diffused* 
The  carbonate  is  thereby  converted  into  a  bicarbonate,  and 
Lisaolves  in  the  water. 

S.  This  salt  has  little  uste*  It  is  soluble  in  about  48  parts  Propef6ci. 
»f  cold  water  when  in  crystals;  but  in  powder,  it  requires  at 
trast  ten  times  as  much  for  solution.  When  exposed  to  the 
ir,  it  effloresces  and  falls  into  powder.  It  contains  about  25 
»er  cent,  of  water.  When  heated,  it  decrepitates,  becomes 
ODverted  into  a  powder  and  is  decomposed. 

3.  It  is  composed  of 

Carbonic  acid      44— two  atoms. 
Magnesia  22— 

66 
iv  this  analysis,  22  turns  out  to  be  the  equivalent  number 
or  magnesia,  which  differs  from  that  deduced  from  the 
omposition  of  the  sulphate  and  nitrate.  These  two  salts 
;ive  it  at  20.  There  is  reason,  however,  to  consider  20  as 
he  correct  number,  since  the  mean  of  the  numbers,  afford- 
d  in  the  analysis  of  the  two  carbonates,  is  exactly  20. 

4.  There  can  be  very  little  doubt  that  the  bicarbonate  of  Agoodiob- 
tiagnesia  would  prove  a  very  excellent  substitute  for  ^c^^"^®^ 
ommon  carbonate  as  a  medicine.  The  additional  quantity  nate  m  a 
>f  carbonic  acid,  which  it  contains,  could  not  fail  to  make  medieiBe. 
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Boos  I.  it  better  suited  to  some  cases,  in  which  the  coromon  carbo- 
Divition  1!.  q^^^^  J,  uscrd,  and  ks  solubility,  in  this  state  of  preparaiimiy 
would  render  it  much  less  disagreeable  to  be  swallowtd. 
There  is  vrry  little  question  that  the  different  preparatioos 
of  magiiesia  in  the  liquid  form,  sold  in  the  United  Statei, 
are  nothing  else  but  solutions  of  bicarbonate  of  magOvsii. 

Phosphnte  VIII.  Phosphate  of  Magnesta.~^^hitn  the  solutions  of 
of  magnc-  phosphate  of  soda  and  sulphate  ul  magnesia  (Epsom  salt] 
are  mixed  together,  no  apparent  change  takes  place  ac  first. 
In  a  few  hours,  however,  this  salt  forms  in  large  transpa* 
rent  cr)'stals,  possessing  very  little  taste,  but  leaving  a 
cooling  and  sweetish  impression  on  the  tongue.  It  is  solu- 
ble in  about  15  parts  of  cold  water,  and  in  a  smaller  quan* 
tity  of  boiling  water.  In  the  open  air,  it  loses  its  water  of 
en- stall! zation  and  falls  to  powder.  It  has  been  detected  is 
the  bones  of  all  animals,  except  those  of  man. 
Hydro-  IX.  Hydrojluate  of  JMar§^f«fa.— Usual  chemical  name, 

Suate.  Fluate  of  Mag'nesia,''^Tn'w  salt  may  be  formed  by  dissolv- 
ing carbonate  of  magnesia  in  hydrofluoric  (fluoric)  acidt 
When  thus  obtained,  it  is  a  tasteless  white  powder,  insola- 
ble  in  water,  and  scarcely  soluble  in  acids.  When  formed, 
by  double  decomposition,  from  hydrofluate  (fluate)  of  pot- 
ash and  sulphate  of  magnesia,  it  is  at  first  in  the  form  of  a 
gelatinous  mass,  soluble  in  acids;  but  after  it  has  become 
dry,  it  is  insoluble. 

X.   Tartrate  of  Maffnesia.^-'This  salt  is  insoluble,  unless 
it  contains  an  excess  of  acid,  in  which  case  it  may  be  ob- 
tained by  evaporation  in  small  crystals. 
Tnrirnte  of     XL    Tartrate  of  Potash-and'MagTiesia.^^This  salt  may 
potHsh.»nd-be   formed   by  dissolving  macpiesia,   or   its   carbonate,  in 
magnesia,    bitartrate  of  potash  (tartar).  The  extra  atom  of  tartaric  acid, 
in  the  bitartrate,   becomes  saturated  with  magnesia,  and 
thus  the  triple  salt  is  formed.   Its  properties  have  not  been 
investigated.  Its  constituents  render  it  deserving  of  a  care- 
ful examination  by  physicians,  with  a  view  to  its  medicinal 
powers. 

iJitofthe        Besides    the    salts   of  magnesia  just   described,  there 

rolpne^fiia     ^^^^  \^ccn  more  or  less  examined  by  chemists,  the  am- 

notdescrib- monio-sulphate,  potasso-sulphate,  soda-sulphate,  sulphite, 

^^'  ammonio-sulphite,  hydrosulphate,  hydrosulphite,  selenatc, 

hydroselenate,    ammonio-nitrate,    borate,    ammonio-phos- 

phate,  arseniate,  chromate,  molybdate,  tungstate,  sulphocy- 

anate,  ferrocyanate,  urate,  purpurate,  gallate,  oxalate,  sor- 

bate,  succinate,  acetate,  benzoate,  saclactate,  citrate,  cam- 

phorate,   malate,  lactate,   ammonio-lactate,   suberate,   and 
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anwtet  The  rest  of  the  sdiu  <^f  magfteaia,  tmottating  in  Caiv.  iv. 
amber  to  317,  arr  unknown.  — 

AflMuntng  SO  m  the  true  number  representing  the  atom  Contcittt* 
If  combining  weight  of  magnesia^  what  compositicm  can  be  ^°^  ^^^ 
^asonably  assigned  to  this  sul>stance,  in  confirmation  of  ita  ^!C^!!d 
correttncas?    In  answer  to  this  question,  it  may  be  said)  ^h«*oreti- 
te  the  atom  of  magnesium,  as  deduced  from  its  chloride,^  ^' 
terns  out  to  be  12.  Now  if  it  be  supposed,  that  magnesia  is 
I  compound  of  one  atom  of  magnesium  and  one  atom  of 
osygen,  its  equivalent  number  will  be  12+H'^uiXt  the  same 
rnunber  as  given  by  the  salts  of  magnesia.   This)  therefore^ 
nqr  be  considered  the  true  composition  of  magnesia* 

The  salts  of  magnesia  may  be  known  by  the  following  Geneni 
fftneral  properties  or  marks.  prooertiM 

«       A    I  e    \^  1    i_i      •  ,  of  the  wlt» 

1.  A  large  proportion  of  them  are  soluble  m  water  and  ofnuigiie. 
cspabk  of  crystallization.  "^ 

2.  They  let  fall  a  white  flocky  precipitate^  when  potash 
or  soda,  or  the  carbonates  ot  these  alkaline  bases,  are  drop^ 
ped  into  their  solutions*  When  the  pure  bases  are  used,  tha 
precipitate  is  pure  magnesia;  but  when  the  carbonates  are 
midoyed^  the  precipitate  is  carbonate  of  magnesia. 

3*  If  phosphate  of  soda  be  dropped  into  a  salt  of  mag^ 
leain*  no  apparent  change  takes  place;  but  afterwards,  if 
uoinoiiia  be  added,  a  triple  salt,  composed  of  phosphoric 
idd,  ammonia  and  magnesia,  will  fall  in  the  form  of  a  white 
precipitate. 


SECTION  IX. 

SALTS  OF  YTTRIA. 

Salts  or  Yttria  are  combinations  of  the  earthy  salifiable  Salts  ot 
base  yttria  with  the  different  acids.  Five  only  of  these  ^^jjjj^^. 
compounds  will  be  described.  poundt. 

I.  Hydrochhrate  of  77fria,— Former  chemical   name,  Hydroohlo- 
Uiiriate  of  Tttria.'-^Thls  salt  does  not  crystallize,  but  at-"5*®^y^" 
tracts  moisture  very  rapidly  from  the  atmosphere  and  runs 

nto  a  jelly*  When  exposed  to  a  gcnde  heat,  it  dries  with 
lifficuitv,  and  afterwards  melts. 

II.  Sulphate  of  Tlffria.— When  yttria  is  dissolved  in  sul-  Salphatc. 
>huric  acid,  this  salt  crystallizes  in  small  brilliant  white 
p^ins.  Its  taste  is  sweet  and  astringent,  and  its  colour,  light- 

'ed.  It  is  not  altered  by  exposure  to  air.  Its  specific  gra- 
ritv  is  2*791.  It  is  soluble  in  about  30  parts  of  cold  water. 
When  exposed  to  a  red  heat,  it  suffers  decomposition. 
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Book  L        III-  Nitrate  of  27trfa.— This  salt  may  be  obtained  iijr 

PimioD  It  dissolviog  yctria  ia  nitric  acid.  The  solution  has  a  sweet 

Niumte.      astringent  taste.    It  can  hardly  be  obuuncd  in  crystals. 

When  exposed  to  the  air,  it  attracts  moisture  and  deli- 

quLrsces* 

IV*  Carbonate  o/*  Jlttria.— This  salt  may  be  obtained  bf 
precipitating  any  acid  solution  of  yitria  by  means  ol  ca^ 
Donate  of  potash  or  of  soda.  It  is  a  white,  tasteless,  insolu- 
ble powdtrr. 

V.  Hydro fiuate  of  Tltria*— Usual  chemical  name,  Fkate 
of  Tttrta '^^This  salt  may  be  lormed  by  decompoaing  hy- 
orofluaie  (fluate)  of  potash  by  means  of  hycirochlonte 
(muriate)  of  yttria.  It  is  a  white,  tasteless  powder,  totailj 
insoluble  in  water. 

lilt  of  the      Of  the  remaining  salts  of  yttria,  there  have  been  more 

triTMt^dtt-  ^^  ^^**  examined  by  chemists,  the  hydrosulphate,  scknate, 

wribed.      phosphate,  arsenite,   chromate,  oxalate,  succinate,  aoetstt 

and  tartrate;  but  these  are  not  of  sufficient  importance  t0 

be  described.   The  rest  of  the  salts  of  yttria,  amounting  ii 

number  to  49,  are  unknown. 

eencna         The  salts  of  yttria  may  be  known  by  the  following  pro- 

STfiSi*  P*"*^**^*  ^^  marks. 

of  jttiia.  1*  They  are  precipitated  by  phosphate  of  soda,  carbonate 
of  soda,  oxalate  of  ammonia,  and  tartrate  of  potash  (soluble 
tartar). 

2.  They  bear  considerable  resemblance  to  the  salts  of 
lime,  in  the  degree  of  their  solubility;  but  they  may  be 
distinguished  from  these  salts,  by  being  convert- d  into  a 
sulphate,  which  is  soluble  and  has  a  sweet  taste,  very  dif- 
ferent from  the  sulphate  of  lune. 


SECTION  X. 

SALTS  OF  GLUCiNA. 

s«lu of gia.  Salts  op  Glucina  are  combinations  of  glucina  with  the 
cant;  what  different  acids.  Five  only  of  these  compounds  will  be 
compound.,      described. 

Sulphate  of     '•  Sulphate  of  Glucina. — When  glucina  is  dissolved  to 

glucina.      saturation  in  sulphuric  acid,  and  the  solution  evaporated, 

this  salt  forms  in  needle-shaped  crystals.    It  has  a  very 

sweet  and  somewhat  astringent  taste*  It  is  soluble  in  water* 

By  heat,  it  undergoes  the  watery  fusion,  and  afterwards  its 


SAtTS  OF  GLVCIKA.  345 

water  18  dissipated^  and  it  is  converted  into  a  powder*  At  a  Ciur.IV. 
red  heat,  its  acid  is  driven  off,  and  nothing  remains  but 
pure  glucina. 

II.  Nitrate  of  G/e/rfna.*-— This  salt  may  be  formed  by  Nitrate, 
saturating  nitric  acid  with  glucina.  It  cannot  be  obtained 
in  crystals.  When  Its  solution  is  evaporated,  it  gradually 
assumes  the  form  of  a  white  powder.  It  has  a  sweet  and 
astringent  taste,  and  is  very  soluble  in  water*  When  ex* 
posed  to  the  air,  it  attracts  moisture  very  rapidly.  When 
heated,  it  readily  melts;  and  if  the  temperature  be  increas* 
ed,  Its  acid  is  dissipated,  while  the  pure  earihy  base  remains 
behind. 

Ill*  Carbonate  of  Ghicina^'^TWx^  salt  may  be  obtained  Ctfbouite. 
by  precipitating  an  acid  solution  of  glucina,  by  means  of  the 
carbonate  of  potash  or  of  soda*  It  is  in  the  form  of  a  soft, 
white,  and  exceedingly  light  powder,  which  has  a  greasy 
leeL  It  is  destitute  of  taste,  and  insoluble  in  water*  It  is 
not  altered  by  exposure  to  the  air*  It  is  easily  decomposed 
when  submitted  to  the  influence  of  heat,  its  acid  being 
driven  off* 

IV*  Phosphate  of  Glucina.^^'When  phosphate  of  soda  is  Phosphate. 
added  to  a  solution  of  glucina  in  sulphuric,  nitric  or  hy* 
drochloric  (muriatic)  acid,  this  salt  precipitates  in  the  form 
of  a  tasteless  white  powder,  which  is  insoluble,  unless  it 
contains  an  excess  of  acid*  It  is  incapable  of  crystallizing, 
and  is  not  altered  by  exposure  to  the  air*  • 

V*  Hydro^uate  ofGiucina.^^\Jsual  chemical  name,  Fluate  Hydro* 
^GAicinc.— This  salt  may  be  formed  by  dropping  hydro- *"*^*' 
filiate  (fluate)  of  potash  into  hydrochlorate  (muriate)  of 
glucina.  \\'hen  first  precipitated^  it  is  in  the  form  of  a  jelly, 
which  dissolves  in  hot  water,  and  deposites  in  small  crys- 
tals as  the  solution  cools. 

Of  the  remaining  salts  of  glucina,  there  have  been  more  Utt  0^ 
or  less  examined,  the  hydrochlorate,  hydrosulphate,  sele-«?*^°f«^ 
nate,  chromate,  chromo-sulphate,  oxalate,  succinate,  and  deacribed. 
acetate;  but  these  are   not  of  sufficient  importance  to  be 
inserted.   The  rest  of  the  salts  of  glucina,  amounting  in 
number  to  49,  are  unknown. 

The  salts  of  glucina  may  be   known  by  the  following  General 

properties  or  marks.  SfiKe'i^ito 

1.  They  are  much  more  soluble  than  the  salts  of  yttria,and  otgiueina. 
but  a  small  proportion  of  them  are  capable  of  crystallizing. 

2.  They  arc  pr^rcipitatcd  by  oxalate  of  ammonia,  or  by 
tartrate  of  potash;  which  circumstances  sufficiently  distin- 
guish them  from  the  salts  oi  yttria. 
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SECTION  XI. 


SALTS  OF  ALUMINA. 

Saiu of  aia- Salts  of  Alumina  are  combinations  of  alumina  with  the 
viut'coiD-  different  acids.  The  following  are  the  principal  of  these 
pooDdf.  compounds. 

Hjdroehio-      '•  Hydrochlordte  of  Aiumincu'^This  salt  may  be  obtain- 

rate  of  alu-  ed  by  dissolving  alumina  in  hydrochloric  (muriatic)  acid. 

™"^  It  always  contains  an  excess  of  acid.  It  is  scarcely  capsUe 
of  crystallizing.  It  is  either  in  the  form  of  a  gelatUKms 
mass  or  of  a  white  powder.  It  is  extremely  soluble  in  wa- 
ter, and  deliquescent  in  the  air.  When  exposed  to  heat,  it 
melts;  its  acid  being  dissipated,  while  its  earthy  base  re- 
mains behind. 

Saiphtte.  II.  SiUphate  of  Alumina.''-^Th\s  salt  may  be  formed  by 
dissolving  alumina  in  sulphuric  acid,  evaporating  the  lohi- 
tion  formed  to  dryness,  and  afterwards  dissolving  the  dnr 
mass  in  water,  and  evaporating  the  solution  until  it  ciystal- 
lizes*  It  is  very  soluble  in  water,  and  has  an  astringeiit 
taste.  It  does  not  crystallize  without  difficulty.  Its  ciystab 
consist  of  thin  plates,  which  are  soft  and  pliant,  and  Iwre  a 
pearly  lustre.  It  b  not  altered  by  exposure  to  the  air* 
When  somewhat  heated,  it  loses  its  water  of  crystaOization 
and  falls  to  powder.  In  a  strong  heat,  its  acid  is  decom- 
posed and  dissipated,  and  the  pure  earthy  base  remains 
behind.  It  was  never  properly  distinguished  from  the  dif- 
ferent alum  salts,  before  the  memoirs  of  Vauquelin  and 
Chaptal  appeared  on  the  nature  of  alum. 


III.  ^ 


SUPERSULPHATE  OF  ALUMINA-AND-POTASR 
SUPERSULPHATC  OF  ALUMINA-AND-AMMGNIA. 


Chemical 
nature  of 
ahim. 


1.  As  these  salts  scarcely  differ  in  properties,  and  can  be 
distinguished  only  by  analysis,  they  will  be  described  to* 
gether.  They  constitute,  either  singly,  or  mixed  in  different 
proportions,  the  very  useful  substance  called  alum.  The 
account  of  alum,  therefore,  will  be  the  account  of  these  two 
salts. 
Alum;  how  2«  Alum  is  obtained  from  different  earths,  whose  princi- 
obuinod.  pal  ingredients  are  sulphur,  and  clay  or  alumina.  These 
earths  are  called  alummous,  and  are  of  several  different 
kinds.  Some  of  them  contain  sulphuret  of  iron  (pyrites), 
and  others,  variable  quantities  of  bituminous  matters.  The 
outline  of  the  process  is  this:  The  alum  earth  is  roasted,  in 
order  to  acidify  the  sulphur  which  it  contains.  The  sul- 
phuric acid,   thus   formed,   combines   with   the   alumina. 
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which,  in  this  state  of  combination,  becomes  soluble*  The  Ciy.lV. 
roasted  earth  is  next  lixiviated,  and  the  solution  obtained, 
concentrated  by  evaporation,  and  afterwards  putrid  urine  or 
a  solution  of  common  potash,  added.  The  alum  becomes 
deposited  in  crystals,  which  are  sometimes  mixed  with 
those  of  sulphate  of  iron  (green  vitriol),  in  case  the  alu- 
minous earth  should  have  contained  sulphuret  of  iron. 

3*  The  sulphate  of  alumina,  first  formed,  after  being  Um  of  poc- 
lixiviated,  requires  to  be  mixed  with  potash  or  ammonia,  •^•^•™- 
or  some   substance  which  furnishes  these  alkaline  bases;  nieprowM, 
for  it  must  be  recollected,  that  alum  is  a  triple  salt,  which  eipiaioe^. 
contains  either  potash  or  ammonia,  or  both  these  substan- 
ces, as  well  as  alumina,  combined  with  sulphuric  acid*  When 
putrid  urine  is  used  in  the  manufacture,  ammonia  is  the 
second  base  which  the  alum  contains;  as  this  secretion,  after 
having  undergone  the  putrefactive  process,  contains  a  large 
proportion  of  ammonia,  and  only  a  minute  quantity  of  potash. 

4.  Sometimes  alum  is  prepared  by  burning  sulphur  in  Another 
diambers,  whose  floors  are  covered  with  fragments  of  a  ™®^**.**' ^^^ 
veiy  pure  clay,  which  has  been  previously  made  up  into  Xm."* 
balls  with  water,  and  ignited  in  a  furnace.  The  acidified 
sidphur  is  imbibed  bv  the  clay;  and  after  the  fragments  are 
completely  covered  by  an  efflorescence  of  sulphate  of  alu- 
mina, they  are  removed  and  exposed  to  the  open  air  for 

some  time  under  a  shed,  where  the  acid  is  enabled  to  pene- 
trate them  more  thoroughly.  As  soon  as  this  is  completed, 
the  clay  is  lixiviated,  and  crystallized  by  the  usual  addi- 
tions. This  is  an  imperfect  outline  of  Chaptal^s  method.  ^ 

5.  It  is  not  certainly  ascertained  that  alum  was  known  to  Histoiy  of 
the  ancients.  The  rrvwrn^tm  of  the  Greeks,  the  alum^n  of  ■'""^ 
the  Romans,  was  a  native  substance,  which  appears  to  have 

been  sulphate  of  iron  (green  vitriol),  or  a  compound  nearly 
allied  to  this  salt.  According  to  Beckman,  the  credit  of 
the  discovery  of  alum  belongs  to  the  Asiatics,  from  whom 
it  continued  to  be  imported  until  the  15th  century;  at  which 
period  a  number  of  alum  works  were  established  in  Italy. 
In  the  16th  century,  alum  was  manufactured  in  Germany 
and  Spain;  and  in  England,  for  the^irst  time,  during  queen 
Elizabeth's  reign. 

6.  The  chemical  nature  of  alum  was  discovered  only  by  its  ebemi- 
very  gradual  steps.   The  fact  was  known  to  the  alchemists,  ^1  ^^^^ 
that  it  contained  sulphuric  acid.   In  1754,  Margraff  proved  bj^^^u^ 
that  it  contained  an  earth,  which  is  the  same   with  that  steps. 
which  constitutes  the  basis  of  clay.  But  these  substances 
coald  not  be  its  only  ingredients;  since  it  was  not  possible' 

to  form  alum  by  combining  sulphuric  acid  with  alumina.  It 
was  known  to  manufacturers,  that  the  addition  of  potash  or 
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Book  f.  aiDBBonia,  or  of  some  substance  containing  these  alkaline 
DJTiiionlL  bascs,  lo  the  alumiQOUs  lixivium,  was  absoluiely  necessary 
for  the  formation  of  alum;  unless  indeed  the  earth,  from 
which  it  may  have  been  manufactured,  should  contain  pot- 
ash. Various  conjectures  were  made,  as  to  the  part  which 
potash  performed  in  the  manufacture;  but  nothing  decisive 
was  known  on  the  subject,  before  Vauquelin  and  Chaptal 
published  their  experiments,  by  which  they  proved  incoo- 
testably  that  alum  is  a  triple  salt,  composed  of  solphuric 
acid,  united  to  alumina  and  potash,  or  alumina  and  am« 
monia. 
Alum  des.  7*  Alum  IS  a  crystallized  salt,  capable  of  changing  vege- 
cribed.  table  blues  to  red,  and  always  containing  an  excess  oi  acid. 
Its  taste  is  sweetish  and  ver}'  astringent.  Its  specific  gra- 
vity is  1*71.  When  exposed  to  the  air,  it  effloresces  slightly. 
It  is  soluble  in  from  15  to  20  times  its  weight  of  cold  wa- 
ter, and  in  three-fourths  of  its  weight  of  boiling  water.  When 
exposed  to  a  gentle  heat,  it  undergoes  the  watery  fusieo^ 
In  a  pretty  strong  heat,  it  foams  and  swells,  and  loses  about 
44  per  cent*  in  water  of  crystaUiz;«tion.  The  residue,  after 
this  exposure  to  heat,  is  called  calcined  or  burnt  alum,  lo  a 
very  violent  heat,  it  has  the  greater  part  of  its  acid  dissipated*/ 
Hombers^i  The  principal  ingredient  in  Homberg's  pyrophoras  is 
^"^^ow  ^^"^*  ^^  ioim  this  substance,  three  parts  of  alum  aad  one 
formed,  psrt  of  sugar  or  flour  are  melted  in  an  iron  ladle,  and  the 
heat  continued,  until  the  mixture  becomes  blackish  and  ceases 
to  swell.  It  is  then  reduced  to  fine  powder,  and  exposed  to 
a  sand  heat  in  a  phial,  until  a  blue  flame  issues  from  itt 
mouth.  After  burning  a  minute  or  two,  it  is  withdrawn 
from  the  fire  and  allowed  to  cool.  The  substance,  thus 
formed,  is  the  pyrophorus.  It  has  the  singular  property  of 
catching  fire,  whenever  it  is  exposed  to  the  open  air,  espe- 
cially if  the  atmosphere  be  moist, 
lu  disco*  This  substance  was  accidentally  discovered,  about  the 
▼««7'  beginning  of  the  18th  century,  by  Homberg.  It  was  for  a 
long  time  supposed  that  alum  is  an  essential  ingredient  in 
it;  but  it  has  been  ascertained,  that,  if  alum  be  deprived  of 
its  potash,  it  will  not  form  pyrophorus.  According  to  Davy 
and  Coxe,  its  properties  depend  upon  the  presence  of  a 
small  portion  of  potassium,  which  they  suppose  to  be  de- 
veloped, during  a  partial  decomposition  of  the  potash,  by  the 
agency  of  heat. 

When  a  certain  excess  of  potash  is  added  to  an  alum  li- 
quor, the  salt  does  not  crystallize  in  the  usual  form,  and, 
from  the  shape  of  its  crystals,  is  called  cubic  alum.  If  a 
still  larger  quantity  be  added,  the  liquor  deposites  no  crys< 
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ulsi  bat  lets  fisdl  a  number  of  flakes.  Both  these  substances  CaAr.iv. 

Qay  be  considered  as  varieties  of  alum*  .    - 

8*  Supersulphate  of  alumina-and-potash  is  composed  of  Conporf- 
Sulphuric  acid       160— >four  atoms*  tkmofooa 

Alumina  50«—  ^SmT 

Potash  46— one  atom,  nearly. 

kipposing  three  atoms  of  sulphuric  acid  combined  with  the 

ilumina,  and  the  remaining  atom,  with  the  atom  of  potash; 

licii  the  composition  of  this  salt  would  be 

Sulphuric  acid  120 — three  atoms* 

Alumina 


Forming  170  sulphate  of  alumina; 
x>nibined  with 

Sulphuric  acid      40-«-one  atom. 
Potash  46— one  atom,  nearly* 

Forming  86  sulphate  of  potash*  And, 
inppotiog  the  sulphate  of  alumina  to  contain  three  atoms  of 
earthy  base,  then  the  atom  or  combining  weight  of  alumina 
would  be  represented  by  16*6. 

9*  Alum  is  of  indispensable  utility  in  the  arts*  To  enu-  Akm,  wry 
merate  all  its  uses  could  not  be  done,  consistently  with^^^^ 
the  plan  of  this  compendious  work*  It  is  employed  prin-  ' 

cipally  in  tanning,  and  as  a  mordant  in  dyeing. 

10*  Id  the   materia  medica,  alum  is  a  very  powerful  an  Mtiyv 
astringent.  On  account  of  this  property,  it  was  formerly  JJ^*^®^"^ 
used  internally  for  restraining  haemorrhages;   but  it  now  medica. 
fields  in  efficacy  to  many  other  articles*   Its  dose  is  from 
ten  to  twenty  grains*  In  large  doses,  it  is  apt  to  produce 
nausea.  Externally,  it  is  used  in  solution,  as  a  repellant  lo- 
tioD  and  in  astringent  coUyria*  It  forms  a  good  injection  in 
certain  stages  of  gleet,  and  in  fluor  albus*   It  enters  into 
the  composition  of  several  pharmaceutical  preparations  of 
acknowledged  efficacy*  When  deprived  of  its  water  of  crys- 
tallization, in  the  form  of  burnt  alum,  it  acts  as  an  escarotic. 

IV*  Sulphate  of  Ahimina'and' Potash;  Sulphate  ofAlumi^wnm  nta- 
la-oiuZ-^mmonia*— Formerly  called.  Alum  saturated  with  its  f*^  •'^ 
rarfA*— These  two  salts  may  be  described  together,  as  they  '^ 
ire  formed  by  saturating  different  species  of  alum  with 
ilumina*  They  are  prepared  by  boiling  a  solution  of  alum 
Rrith  pure  alumina*  They  are  both  in  the  form  of  a  tasteless 
nsoluble  powder,  which  is  incapable  of  crystallizing*  They 
ire  not  altered  by  exposure  to  the  air.   In  a  very  violent 
leat,  part  of  their  acid  is  driven  off.  The  addition  of  sul- 
>huric  acid  converts  them  into  alum.    They  have  not  herc- 
ofore  been  applied  to  any  useful  purpose. 
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Book  I.       V*  Nitrate  of  Alumina. — When  alumina  is  dissolved  ia 
Diviiion  il.  Qitnc  acid,  this  salt  may  be  obtained  in  crystals  by  evapo- 
Nitnte  of  ration.  It  has  an  acid  and  astringent  taste.  It  is  exceedingly 
•lumina.     soluble  in  water.  In  the  air,  it  attracts  moisture  and  deli- 
quesces.  When  heated,  the  acid  is  readily  driven  08^  and 
the  earthy  base  remains  behind  in  a  stats  of  purity. 
Carbonate.      VI,  Carbonate  of  Alumina.''»lt  is  not  completely  setdcd 
whether  this  salt  can  exist.  In  the  dry  state,  it  cannot  be 
obtained;  but  it  has  been  ascertained,  that  water  saturated 
with  carbonic  acid  is  capable  of  dissolving  a  portion  of 
alumina.  The  combination,  however,  is  destroyed  by  mere 
exposure  to  air. 

VII.  Phosphate  of  J/t/mma.— This  salt  may  be  formed 
by  saturating  phosphoric  acid  with  alumina.  It  is  a  taste- 
less insoluble  powder. 

VIII.  Hydrojiuate  of  Aluimna.'-^U^nA  chemical  name, 
Fluate  of  i^t/mi ;ia— Tnis  salt  may  be  formed  by  pouring 
hvdrofluate  (fluate)  of  potash  into  a  solution  of  supersol- 
phate  of  alumina-and-potash  (alum).  It  is  in  the  form  oft 
white  powder,  insoluble  in  water,  but  soluble  in  an  exccn 
of  acid.  After  having  been  well  dried,  it  is  nearly  inscdubk 
in  acids. 

Acetate.         IX.  Acetate  of  AJumina.^^'Whcn  acetic  acid  is  digested 
upon  alumina  recently  precipitated,  by  evaporation  this  salt 
may  be  obtained  in  needle-form  crystals,  which  have  an 
astringent  taste,  and  are  very  deliquescent  in  the  air.  This 
salt  is  employed  in  the  processes  of  dyers  and  calico  prin- 
ters. 
Meihteof      X.  Mellate  of  Alumina, — ^This  salt  exists  native  under 
Sie  metiiie  ^^^  name  of  mellite.    It  is  the  only    substance    in  which 
of  minera.  mellitic  acid  has  hitherto  been  found.  It  may  be  formed 
logitta.       artificially  by  dropping  mellitic  acid  into  a  solution  of  sul- 
phate of  alumina.  When  thus  formed,  it  assumes  the  ap- 
pearance of  a  white  flaky  powder. 

listof  saiu     Besides  the  salts  of  alumina  just  described,  there  have 

Sot*de»i"*  ^^^^  "^°*"^  °^  ^^^®  noticed  by  chemists,  the  sulphite,  selc- 
cribeU.  nate,  borate,  arseniate,  tungstate,  sulphocyanate,  urate, 
purpurate,  gallate,  oxalate,  sorbate,  succinate,  tartrate,  po- 
tasso-tartrate,  benzoate,  saclactate,  camphorate,  malate, 
suberate  and  zumate;  but  these  salts  are  not  of  sufficient 
importance  to  be  described.  The  rest  of  the  salts  of  alu- 
mina, amounting  in  number  to  36,  are  unknown. 

General  The  salts  of  alumina  may  be  known  by  the  following 

SfXtlu  properties  or  marks. 

of  alumina.      1.  A  large  majority  of  them  are  soluble  in  water,  and 
but  very  few  capable  of  crystallizing. 


SALTS  OP  ZIRCONU.  q»« 

ey  have  a  sweet  and  astringent  taste*  In  this  parti-  Chaf.iT. 
iwcvcr,  they  resemble  the  salts  of  yttria  and  glu-  — — — 

cy  are  not  precipitated  by  oxalate  of  ammonia  or 
acid;  which  circumstances  sufficiently  distinguish 
»m  the  salts  of  yttria. 

sulphuric  acid,  and  afterwards  sulphate  of  potash 
1  to  a  salt  of  alumina,  crystals  of  supersulphate  of 
•and-potash  (alum)  will   speedily  make  their   ap* 


i. 


SECTION  XII. 

SALTS  OF  ZmCONIA. 

OF  ZiRCONiA  are  combinations  of  the  different  Salts  of  zir- 
with  the  salifiable  base  zirconia*  Only  five  of  these  •**'^  ^**'*^ 
3unds  will  be  noticed.  • 

fdrocAlorate  of  Zfrconta.— -Usual   chemical  namt,  Hjdroehio- 
•  ©/"Zirconia.— When  hydrochloric  (muriatic)  acid"*®^*^ 
:d  upon  newly  precipitated  zirconia,  the  latter  be-  ^^^ 
lissolved,  and,  by  proper  evaporation,  this  salt  may 
ned  in  small  transparent  needle-form  crystals,  which 
opaque  in  the  air.  It  is  colourless,  and  very  solu- 
ater.  Its  taste  is  very  astringent.  When  exposed  to 
is  decomposed. 

ulphate  of  Zirconia. '^■^This  salt  may  be  formed  bySalphatt. 
ag  zirconia  in  sulphuric  acid,  and  evaporating  the 
to  dryness.  It  is  usually  in  the  form  of  a  white 
;  but  it  may  be  obtained  in  crystals.  It  is  tasteless, 
e  in  water,  and  not  altered  by  exposure  to  the  air. 
Dsure  to  heat,  its  acid  is  readily  driven  off. 
Nitrate  of  Zirconia. — This  salt  may  be  formed  by  Nitnte. 
ng  newly  precipitated  zirconia  in  nitric  acid.    It 
contains  an  excess  of  acid.  It  is  but  sparingly  solu- 
rater.  Its  taste  is  astringent.  When  exposed  to  heat, 
8  decomposition. 

7arbonate  of  Zirconia. — ^This  salt  may  be  formed 
ipitating  an  acid  solution  of  zirconia  by  means  of 
>onate  of  potash  or  of  soda.  It  is  a  t^teless  white 
.  When  heated,  its  acid  is  driven  off. 
Hydrofluate  of^  Zirccnfa.— Usual  chemical  name, 
7j  Zirconia.'-^^This  salt  is  precipitated  in  the  form 
(Soluble  white  powder,  when  hydrofluate  (fluate)  of 
18  added  to  hydrochlorate  (muriate)  of  zirconia. 
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Bo»K  L       Of  the  remaining  salts  of  zirconia,  there  have  been  mm 
^  or  less  examined,  the  sulphite,  selenatc,  borate,  phosphitei 


list  of  MUti  gallate,  oxalate,  acetate,  tartrate,  benzoate,  sadactate,  citnft 
^d^MNib-  ^^^  malate;  but  these  salts  are  not  of  sufficimt  impoitmct 
td.  to  be  noticed.  The  rest  of  the  salts  of  zirconia,  amouDtiog 

to  46,  are  unknown. 

^^^^!^       The  following  circumstances  are  characteristic  of  the 

of  the  Miu  salts  of  zirconia* 

of  liroonia.      |^  They  have  an  astringent  taste,  which  is  harsh  and 

disagreeable. 

2.  They  are  decomposed  by  all  the  alkaline  and  earthy 

salifiable  bases,  zirconia  being  precipitated* 


SECTION  XIII. 

SALTS  OF  THORIKA. 

Saitiof  Salts  or  Thorina  are  combinations  of  thorina  with  die 
irhtt'flftw-  different  acids.  But  four  of  these  compounds  have  bees 
poaadi.  distinctly  examined. 

Hjdroohio-      I.  Hydrochlorate  of  TAortmz.— -Usual  chemical  namCt 

"^^^^  Muriate  of  Thorina — ^This  salt  may  be  formed  hj  diasotv- 
ing  thorina  in  hydrochloric  (muriatic)  acid.  It  maybe  ob« 
tained  in  a  syrupy  mass,  which  does  not  deliquesce  in  the 
air,  but  dries  and  becomes  white  like  enamel,  by  evaporat* 
ing  the  solution  in  a  moderate  heat;  but  it  cannot  be  made 
to  crystallize. 

Saiphatc.  II.  Sulphate  of  77r orina,— This  salt  may  be  formed  by 
dissolving  thorina  in  excess  of  sulphuric  acid,  and  evapo- 
rating the  solution  obtainetJ,  until  it  forms  crystals.  It  has 
a  strong  styptic  taste,  and  is  not  altered  by  exposure  to  the 
air. 

Nitrate.  III.  Nitrate  of  TTroriwa.— This  salt  may  be  formed  by 

dissolving  thorina  in  nitric  acid.  The  solution  takes  place 
very  readily,  unless  the  thorina  has  been  previously  exposed 
to  a  red  heat;  in  which  case,  it  is  effected  by  long  boiling 
only.  Thir  solution  cannot  be  made  to  cr\'stallize,  but  forms 
a  mucilaginous  mass,  which  becomes  liquid  by  exposure  to 
the  air.  It  is  converted,  by  evaporation  in  a  moderate  heat, 
into  an  opaque  white  mass  similar  to  enamel,  and  in  a  great 
measure  insoluble  in  water. 

Carbonate.  IV.  Carbonate  of  Thorina.'-^Thh  salt  is  easily  formed  by 
precipitating  an  acid  !<%(>lution  of  thorina  by  carbonate  of 
potash  or  of  soda.    Thorina  seems  to  have   considerable 
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aflEuutjr  for  carbonic  acid.  When  newly  precipitated,  during  Gbap.  ly. 
the  process  of  drying  it  attracts  this  acid  from  the  air*  — — -— 

What  other  salts  this  newly  discovered  salifiable  base  is 
capable  of  forming  has  not  been  ascertained. 

The  following  circumstances  are  characteristic  of  the  ^^^cneni 
salts  of  thorina.  SfX'Sto 

1.  They  are  precipitated  by  oxalate  of  ammonia.  oftkoriDa. 

2.  When  the  nitrate  or  hydrochlorate  of  thorina  is  eva* 
porated  by  a  strong  heat^  it  leaves,  on  the  edges  of  the 
vessel  employed,  an  opaque  white  film,  which  has  the  ap- 
pearance of  enamel. 


SECTION  XIV. 

SALTS  OF  SIUCA. 

In   consequence  of  the  property,  which  hydrofluoric  Salts  of  si- 
Tfluoric)  acid  possesses,  of  dissolving  glass  or  flint,  it  was  "®*  ^  "^» 
formerly  supposed  that  at  least  one  salt  of  silica  exists.  speaiJof, 
More  recent  researches,  however,  have  proved,  that  the  ««^t- 
combination  of  hydrofluoric  (fluoric)  acid  and  silica  is  not 
a  salt,  but  a  peculiar  acid.   In  strict  propriety,  therefore, 
there  is  no  such  combination  as  a  salt  of  silica.   Silica  is 
consequently  not  a  salifiable  base;  but  it  has  been  classed 
as  such,  as  giving  it  the  most  natural  position,  which  it 
could  assume  in  the  arrangement  adopted. 


SECTION  XV- 

SALTS  OF  OXIDIZED  IBON. 

Salts  or  Oxidized  Iron  are  combinations  of  the  protox- Ssluofox- 
ide  or  peroxide  of  iron  with  the  diflferent  acids.  The  fol-  "'j**^  '"»"* 

•        •  1  r    1  1^  what  eom- 

lowmg-are  the  most  important  of  these  salts.  pounds. 

Hydrochloric  acid  forms  one  salt  with  each  of  the  oxides  OxWized 
of  iron,*  and  a  triple  salt  with  the  peroxide  and  ammonia.  ^^^  ^lu 
I*  Hydrochlorate  of  /ron.— Usual  chemical  name,  JIfe-  with  hydrd- 

riate  <?/" /row.— This  salt  may  be  formed  by  dissolving  iron®^'JJ^ 

^  1.  Hydro- 

ehlorate  nf 
*  The  reader  has  already  had  explained  to  him  the  meaning  of  the  prefixes  iron. 
fr9f  un^Jter,  as  applied  to  oxides.    It  mar  now,  Tery  probably,  be  a  matter  of 
Wiairy  with  him,  how  salts,  containing  dinerent  oxides  of  the  same  metal,  are  to 
he  distinsuished  from  eaeh  other.    Dr.  Thomson  has  adopted  the  plan  of  prefix- 
ing, to  the  salts  theroseWcs,  the  syllables,  distingnishing  the  oxides  which  they 

2  Y 
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Book  L    filiogs  In  bvdrochlonc  (muriatic)  acid.  Tlie  solution  must 
piaaoc  D-  \^^  ^.p(  krom  the  ur.  anc,  by  eTapontion,  yields  the  salt  in 
crysiAi^m  The  s*ili  kfts  a  pale- green  colour,  and  is  extremely 
soluble  in  water.  Its  soluiion  attracts  oz\*gen  from  the  air, 
or  from  nitric  acid,  and  the  salt  itself  becomes  converted 
into  a  pcrhydrocr.lcrate  [pcrmuriatc).  Its  solution  also  is  ca- 
pable of  absorbing  dcutoxide  of  azote  (nitrous  gas)  in  \9Tge 
quantity;  and  when  saturated,  it  acquires  a  dark-browD  co- 
lour, and  a  much  more  astringent  taste  than  the  salt  has  in 
its  usual  sute.  When  the  salt  is  exposed  to  a  red  heat,  it  is 
decomposed,  and  converted  into  a  protochloride  of  iron; 
water  being  at  the  same  time  formed. 

IL   PERHYDRUCHLORATE  OF  IRON'. 

^L'flOBl  dkCDucal  lUBe,  Pi  i—iiufi'  •/'/mi.) 

d' ^k^i^'^'        1.  This  salt  may  be  formed  by  dissolving  peroxide  of 
of  inn.       iron  in  h\drochloric  (muriatic)  acid,  and  evaporating  the 
solution  to  dryness.    It  is  an  uncrystallizable,  deliquescent, 
orange-coloured  mass.  In  solution,  it  has  a  deep-brown  co- 
lour, a  peculiar  odour,  and,  even  when  very  much  dilated, 
an  exceedingly  astringent  taste.  Like  chlorine,  it  tinges  ani' 
mal  and  vegetable  substances  of  a  yellow  colour.  When 
distilled,  it  suffers  decomposition;  the  hydrogen  of  the  acid 
combines  with  a  portion  of  the  oxygen  of  the  pcraxidei 
reducing  the  latter  to  the  state  of  protoxide,  and  farms 
water;  while  its  chlorine  passes  over.    When  exposed  to  i 
red  heat,  water  is  formed  and  dissipated,  and  it  is  convert- 
ed into  a  pcrchloride  of  iron, 
rincturc  ot      2.  The  London  colic f^es  r»rm  a  tincture  of  this  salt,  under 
»Lis  iait;      jj,g  jj  j^  q|-  ji^^  tincturz'  zf  piuricted  iron.    Thev  dissoKe 

half  a  pound  of  percarbonatr  of  iron  ^rust  of  iron)  in  three 
pounds  of  hydrochloric  (muriatic)  acid,  and  evaporate  the 
solution,  so  as  to  form  one  pint  of  liquid,  to  which  thev 
add  three  pints  of  alcohol.  The  other  colleges  prepare  a 
simple  hydrochlorate  (muriate)  of  iron  for  the  formation  of 
the  tincture.  But  as  it  is  very  doubtful  whether  the  simple  hy* 
drochlorate  will  dissolve  in  alcohol;  and,  if  it  will,  as  the  fact 
is  well  ascertained  that  it  is  very  liable,  by  exposure  to  air, 

mav  contiun.  This  plan  I  prnp'se^l  in  »  »Iiort  paper,  publithcd  in  the  Menoin 
of  the  Columbian  Chrmical  Socit-iv,  in  ISlo:  but  I  »a»riOt  then  aware  that  it  h»l 
been  -iiloptcil  by  Dr.  Thomson.  Tht-  plan,  Ijowcver,  althnugh  uriginal  with  my 
self*,  unil  sanctioned  by  the  nfta^>  ai'  ihi.-i  res;K-ctablc  chemist,  upon  Tut  ther consi- 
rlfriiiion,  I  proiiose  to  raoijify  in  thv  lollo^iu^  niunner:  \\'ht.ne\er  a  proto!cidei> 
the  ii:k«e  ot' ;i  nAl,  which  is  by  t'av  niunt  geni'rally  the  ease,  1  propose  to  empl^ 
noprefi\;  Mhile,  on  the  other  hand,  when  a  |)eruxiile  constitutes  the  baae«  the 
prefix /^r  %til|  aluays  he  retained.  In  this  way,  no  pi>s9ible  anibiguitr  can  ariK*. 
while,  at  the  same  time,  many  long  aiid  Qogiaccful  appellations  « ill  be  at'oUc*! 
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to  be  converted  into  the  perhydrochlorate,  there  is  good  C«a>.iv. 
reaaon  to  prefer  the  preparation  of  the  London  college.  "*" 

3.  Tincture  of  perhydrochlorate  of  iron  has  a  yellowish  employed 
colour  and  very  astringent  taste.  It  is  a  most  excellent  pre-  !||a|^^' 
pantion  of  iron,  and  may  be  exhibited  in  doses  of  from 
ten  to  twenty  drops,  properly  diluted,  twice  or  thrice  a  day. 

'IIL  PERHYDROCHLORATE  OF  AMMONIA-ANDJRON. 

(Umal  chemical  name.  Muriate  ^Ammonia^nd-Tron. — Formcrlj  called, 

J9r£artial  Fiovert'^-Ammomacal  Iron. ) 

1.  This  salt  may  be  formed  by  dissolving  in  water  six-  s.  Ammo- 
teen  parts  of  hydrochlorate  of  ammonia  (sal  ammoniac)  and  Qio-peHiy- 

!•         L    J        i_i  r '  •  11       drochlo- 

one  part  of  perhydrochlorate  of  iron,  evaporating  the  solu-  rate. 
tion  to  dryness,  and  subliming.  It  is  directed  by  the  Edin- 
burgh college  to  be  prepared  by  subliming,  thoroughly  mix- 
ed, peroxide  of  iron  and  hydrochlorate  of  aramodia. 

2.  When  properly  prepared,  it  has  a  deep-orange  colour, 
and  a  smell  resembling  that  of  saffron.  It  is  dtliquescrnt  in 
the  air.  For  preservation,  it  must  be  kept  in  well-stopt 
phials. 

3.  When  used  as  a  medicine,  it  has  the  usual  tonic  pro-  Medical 
perties  of  the  preparations  of  iron.  But  when  it  is  considered  !>«>?««>«* 
that  the  iron  is  united  with  two  such  powerful  substances  as 

the  hydrochloric  (muriatic)  acid  and  ammonia,  it  is  reason- 
able to  suppose  that  its  usual  virtues  are  very  considerably 
increased.  This  preparation  certainly  deserves  more  atten-  **' 
tion  dian  is  bestowed  upon  it  by  American  physicians.  Its 
dose  is  from  two  to  ten  grains.  Dissolved  in  alcohol,  it  forms 
the  tincture  of  ammoniacal  iron  of  the  London  college. 

Sulphuric  acid  forms  one  salt  with  protoxide  of  iron,  and  Protoxide 
one  salt  with  protoxide  of  iron  and  potash.  urHnio" 

IV.  SULPHATE  OF  IRON.  two  aul- 

phates. 
(Syn.  Green  Vitriol. — Copperas.-^Vitriolated  Iron.^-'SaU  0/ Steel) 

1.  This  salt  is  formed,  in  the  large  way,  by  moistening  1.  Saiphatr 
sulphuret  of  iron  (pyrites),  which  is  found  native,  in  abun-  ^"^• 
dance,  in  different  parts  of  the  world,  and  exposing  it  to  the 

air.  Part  of  the  sulphur  is  slowly  converted  into  sulphuric 
acid,  which,  combining  with  the  iron,  forms  a  crust  of  this 
salt  on  the  pyrites.  This  crust  is  then  dissolved  off  by  water, 
and  the  solution  formed,  evaporated  for  crystallization. 

2.  Sulphate  of  iron  is  in  the  form  of  crystals  of  a  fine 
green  colour.  It  has  a  strong  styptic  taste,  and  is  capable 
of  reddening  vegetable  blues.  It  is  soluble  in  twice  its 
weight  of  cold  water,  and  in  three-fourths  of  its  weight  of 
boiling  water.  When  exposed  to  the  air,  it  absorbs  oxygen, 
gradually  becomes  opaque,  and  is  covered  with  a  yellow 
powder,  being  in  part  converted  into  the  persulphate.  When 
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B«oK  I.  heated,  it  gradually  loses  its  water  of  crystallizaticmy  whidi 
Piy»top"'  amounts  to  about  45  per  cenu  In  a  strong  heat,  its  acid  is 
driven  off,  and  a  red  powder  remains  behind,  formerly 
called  cotcothar  of  vitriol.  Tlus  residue  is  the  peroxide  of 
iron,  generally  mixed  with  some  persulphate*  When  disul- 
led,  at  first  a  poruon  of  acidulous  water  is  driven  over, 
but  afterwards,  a  very  strong  fuming  acid,  formerly  called 
glacial  oil  of  vitrioL  The  residuum  in  this  case  also  is  the 
peroxide* 

3.  Sulphate  of  iron  is  composed  of 

Sulphuric  acid        40— one  atom. 
Protoxide  of  iron    36— one  atom* 

Giving  76  for  the  number  represent- 
ing the  weight  of  its  atom. 

4.  This  salt,  in  the  materia  medica,  b  classed  as  n 
astringent*  In  small  doses  of  from  one  to  three  gnunSi  it 
may  prove  both  tonic  and  astringent;  but  it  is  apt  to  eidte 
pain  in  the  stomach  and  bowels*  In  large  doses,  it  canscs 
vomiting. 

s^^otmo-      V.  Sulphate  of  Potash-and-  /ron.— This  salt  may  be  form- 
t  pbate.    ^^  1^^  boiling  iron  filings  in  a  solution  of  supersubhate  of 
potash.  It  is  in  the  form  of  efflorescent  crj^stals,  Wliidk  re* 
semble  those  of  sulphate  of  iron  (green  vitriol). 

Peroxide  of  Sulphuric  acid  forms  three  salts  by  combining  with  per- 

inio  ihrcr      o^ticle  of  ifon;  namely,  persulphate,  subbipersulphate  and 
sulphatei.        tfipersulphatc  of  iroD. 

VI.  Persulphate  of  Iron. — This  salt  is  formed,  when 
concentrated  sulphuric  acid  is  digested  in  a  flask  upon 
peroxide  of  iron.  It  has  a  white  colour*  By  the  addition  of 
water,  it  is  decomposed  into  a  supersalt  and  a  subsalt. 

VIL  Subbipersulphate  q/* /r^n.— This  salt  may  be  form- 
ed by  dissolving  crystallized  sulphate  of  iron  in  water  aci- 
dulated with  nitric  acid,  evaporating  the  solution  formed  to 
dryness,  and  exposing  the  dry  mass  to  a  heat  sufficient  to 
drive  off  all  the  nitric  acid.  The  sulphate  is,  in  this  way, 
converted  into  a  persulphate.  If  water  be  poured  upon  this 
pt*rsaU,  three-fourths  of  it  are  dissolved,  and  the  one-fourth 
which  is  insoluble  is  the  salt  under  description*  It  is  a 
reddish-yellow  powder,  without  either  taste  or  smell*  It  b 
composed  of 

Sulphuric  acid  40-*one  atom* 

Peroxide  of  iron     160— two  atoms. 

200* 


•  The  above  ■nalytii  is  given,  in  order  to  explnin  why  Dr.  Thomson  ttSh  thb 
Halt  a  lubbipertulphate — ^It  ii  presumed,  that,  when  a  salt  is  oomposed  of  ooe 
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VIIL  Tripersulphaie  of  /rom-^-The  soluble  portion  of  Cbav.  IV. 
the  pcnulphate,  when  trtated  with  wsier,  coDStitntes  tlut  — *— -— 
sale  Its  taste  is  intensely  astringent  and  very  harsh.  When 
evaporated  to  dryness  and  exposed  to  the  air,  itdeltquesces. 
It  is  incapable  of  crystallizing.  It  is  composed  of 

Sulphuric  acid      ISO— <hree  atoms. 
Peroxide  of  iron    80-^-one  atom. 

Giving  200  for  the  number  repre- 
senting the  weight  of  its  atom. 

Nitric  acid  forms  a  salt  with  each  of  the  oxides  of  iron.  Oxidized 

IX.  Nitrate  0/ /rem.— This  salt  may  be  obtained  in  the'^IiSr 
form  of  solution  by  pouring  nitric  acid  of  the  specific  gra-  with  nUrie 
irity  of  1*16  upon  iron.  It  acts  upon  the  metal  slowly  with-  "^^ 
out  emitting  any  gas,  and  the  solution  at  first  is  of  a  dark 
olive-brown  colour,  owing  to  deutoxide  of  azote  (nitrous 
gas)  being  held  in  solution.  But  by  exposure  to  air,  the 
deutoxide  of  azote  is  converted  into  nitric  acid  by  combining 
with  oxygen,  and  the  solution  assumes  a  pale-green  colour, 
ud  now  contains  nothing  but  nitrate  of  iron.  It  cannot  be 
concentrated  or  heated  without  being  converted  into  a  per- 
mtrate. 

X«  Pemttrate  of  /ron.— This  salt  may  be  formed  by  dis- 
solving iron  in  strong  nitric  acid,  or  by  exposing  the 
nitrate  to  the  air.  It  cannot  be  obtained  in  crystals  without 
difficulty.  It  is  usually  in  the  state  of  a  brown  coloured 
solution,  which,  upon  evaporation,  lets  fall  a  red  powder, 
insoluble  in  nitric  acid. 

XI.  CARBONATE  OF  IRON. 

1.  This  salt  may  be  obtained,  by  double  decomposition,  d^rbomte- 
f rom  sulphate  of  iron  and  carbonate  of  potash  or  of  soda,  ofii-on;  how 
The  Edinbui-gh  college  prefer  the  carbonate  of  soda;  as  the  P"^P"*^ 
sulphate  of  soda,  which  then  becomes  formed  with  the  car- 
bonate, is  more  easily  washed  off,  from  its  greater  solubility, 
than  the  sulphate  of  potash.  When  thus  prepared,  it  is  called 
precipitated  carbonate  of  iron.  It  may  be  prepared  also  by 
moistening  pure  iron  filings  with  water,  and  exposing  them 
to  the  air.  The  filings  become  oxidized  at  the  expense  of 
the  water,  and  attract  carbonic  acid  from  the  atmosphere. 

ttom  of  cseh  of  its  eonitltuenU,  it  is  a  neutral  eompoond.  But  a  salt  may  be  eom- 
poaed  of  two  atomi  of  eiUier  of  iu  ingredicntt,  combined  with  one  atom  of  the 
other  When  the  two  atomi  are  of  the  aeid,  then  the  lalt  forme<l  ii  a  lupenalty 
and  ita  eompotition  is  indicated  bT  the  prefix  6iV  but  when  a  salt  ii  eompoaed  of 
one  atom  of  acid  and  two  atoms  o^  base,  its  composition  would  be  ambigooua  wHh . 
thia  prefix  merelT;  and  as  it  is  presumed  to  be  a  snbaalt,  or  ft  salt  with  exoeia  of 
baae,  the  two  irllables  tub  bi  arc  prefixed,  iadicatbg  that  the  extra  atom  bplongs 
to  the  bftie  ana  not  to  the  acid. 
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Book  I.    This  preparation,  however,  should  not  be  used  in  medicine, 
Dinma  IL  i(  being  in  every  respect  inferior  to  the  precipitated  caiiio- 
nate. 

2.  The  carbonate  of  iron  in  crystals  has  been  found  nadve. 
It  is  somewhat  transparent,  and  has  a  greenish-ycUow  co- 
lour. It  is  britde  and  easily  reduced  to  powder. 

3.  Carbonate  of  iron,  when  newly  precipitated,  is  of  a 
greenish  colour,  by  reason  of  its  being  in  the  state  of  a  hy- 
drate. When  dried  without  the  contact  of  air,  it  becomes 
black  and  is  a  simple  carbonate;  but  if  the  air  be  not  ex- 
cluded during  drying,  the  iron  becomes  prroxidizcd,  the 
salt  assumes  a  red  colour,  and  is  now  a  percarbonate  (nut  of 
iron),  the  state  in  which  the  carbonate  is  used  in  meidicinc 

Medical  4.  Percarbonate  of  iron  constitutes  one  of  the  best  pre- 

properuei.  parations  of  iron,  which  can  be  employed  in  medicine.  Its 
dose  is  from  5  to  20  grains.  In  all  cases,  it  is  best  to  gire 
the  preparations  of  iron  in  small  and  repeated  doses* 

Protoxide    Phosphoric  acid  forms  one  salt  with  protoxide  of  iron,  and 
of  iron  en-       q^^  gait  With  protoxide  of  irou  and  ammonia. 

tert  into  '^ 

'hai?^""  ^^^*  Phosphate  of  /ron.— This  salt  may  be  formed,  bjr 
double  decomposition,  from  sulphate  of  iron  and  phosphate 
of  potash.  It  is  an  insoluble  powder  of  a  permanent  blue 
colour.  It  occurs  native,  constituting  the  colouring  matter 
of  the  mineral  called  native  Prussian  blue,  which  is  found 
in  hogs;  and  also,  in  the  form  of  small  crystals,  in  Brazil 
and  the  Isle  of  France.  It  is  partly  transparent  and  partly 
opaque,  possessing  a  light-blue  colour. 

XIII.  Phosphate  of  Iron-and- Ammonia. — This  salt  is 
formed  by  precipitating  the  solution  of  phosphate  of  iron  in 
nitric  acid,  by  ammonia. 

Peroxide  of  Phosphoric   acid  forms  two  salts  with  peroxide  of  iron; 
iron  enters       namcl  ,  perphosphate  and  subperphosphate  ot  iron. 

phosphates.  XIV.  Pa-phosphate  of  Iron. — ^This  salt  may  be  formed,  by 
double  decomposition,  from  perhydrochlorate  (permuriate) 
of  iron  and  phosphate  of  potash  or  of  soda.  A  while  pre- 
cipitate immediately  falls,  which  consists  of  the  salt  in  ques- 
tion. It  is  nearly  insoluble  in  water,  but  dissolves  in  acids, 
from  which  it  may  be  precipitated  unchanged  by  means  of 
ammonia. 

XV.  Subperphosphate  of  Iron. — When  a  solution  of  pure 

potash  or  soda  is  poured  into  the   perphosphate  of  iron, 

this    salt    is   precipitated  in  the  form  of  a  brownish-red 

powder,  scarcely  soluble  in  water  or  in  acids. 

iwoarse-       XVI.  Arsentate  and  Perarsemate  of  /ron,— Both  these 

mates  of     gj^j^g  j^j^^^  j^^^.^^  found  native  in   Cornwall.  Thev  may  be 
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fonnedf  artificially,  by  double  dccompoaition;  the  fortner,  Cbap.iv. 
from  arseniate  of  ammonia  and  sulphate  of  iron,  the  latter,  j^^  ^g^^ 
from  the  same  arseniate  and  the  persulphate.  n&tife. 

XVII.  Chromate  of  Iron.'^^rhia  salt  has  been  found  na- 
tive, mixed  with  a  portion  of  alumina  and  silica,  in  France, 
in  Siberia,  and  near  Baltimore  in  the  United  States. 

XVIII.  Tungstate  of  Iron. — ^This  salt  may  be  formed 
b^  precipitating  sulphate  of  iron  by  the  tungstates.  Com- 
bmed  with  a  portion  of  manganese,  it  occurs  native,  in  dif- 
ferent parts  of  the  world,  under  the  name  of  Wolfram. 

XIX.  Hydrofluate  of  /ron.<^Usual  chemical  name,  Fbif 
ate  of  Iron. — Hydrofluoric  (fluoric)  acid  acts  upon  iron 
very  slowly.  This  salt,  however,  may  be  easily  obtained 
from  hydrofluate  of  potash  and  sulphate  of  iron.  It  is  a 
white  tasteless  insoluble  powder. 

Fcrrocyanic  acid  combines  with  both  oxides  of  iron,  and  Oxidized 
forms  ferrocyanate  and  p^rferrocyanate  of  iron.  !"*"  «"^" 

XX*  Ferrocyanate  of  Iron^^^When  ferrocyanate  of  potash  JJJU|^^*" 
b  dropped  into  a  solution  of  sulphate  of  iron  freed  by  i.  Ferro- 
boiling  from  atmospheric  air,  this  salt  precipitates  in  the  cyan&te. 
form  of  a  white  powder.  By  exposure  to  air,  it  absorbs 
oxygen    and   is    converted   into   perferrocyanate    of  iron, 
(F^ssian  blue). 

XXI.  PERFERROCYANATE  OF  IRON. 

(Usaal  chemical  name,  Prutnate  of  Iron. — CommoDlj  called, 

Pntatian  Jblue.) 

1.  The  method  of  forming  this  salt  in  the  small  way  has  3.  Perferro- 
sdready  been  given  at  page  234.  The  outline  of  the  process  Jj'anate  or 
followed  by  the  manufacturers  is  this.  Raspings  of  horns,  biuerhow 
clippings  of  skins  and  oth(^r  animal  substances  are  exposed,  obtained  by 
in  covered  vessels,  to  a  low  red  heat,  and  thereby  converted  facturcr" 
into  a  kind  of  charcoal.  Thirty  pounds  of  impure  carbonate 

of  potash  are  then  mixed  with  ten  pounds  of  this  coal,  and  the 
mixture,  ignited  for  twelve  hours  in  an  iron  vessel.  When 
the  mixture  has  acquired  a  pasty  consistence,  it  is  poured 
out  into  vessels  of  water.  Part  of  the  mass  dissolves;  and 
the  solution  thus  obtained  is  mixed  with  a  solution  of  three 
parts  of  supersulphate  of  alumina-and-potash  (alum),  and 
one  part  of  sulphate  of  iron.  A  precipitate  immediately 
forms,  which  is  green  at  first,  but  afterwards,  by  being 
washed  with  diluted  hydrochloric  (muriatic)  acid,  becomes 
of  a  beautiful  blue  colour. 

2.  It  is  not  easy  to  explain  intelligibly  the  process  for  FiY>bai)ic 
forming  this  salt,  consistently   with  the  new  discoveries,  ^fl^i^*^"*!.'®" 
which  have  been  made  respecting  its  constituents.  It  would  cgs^*. 
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Book  l  appear,  however,  that  the  an'tmal  substances,  by  being  igni- 
Dimion  II.  ^^  ^||j|  carbonate  of  potash,  form  a  cyamidide  of  poush. 
These  substances  appear  to  be  t:ssential  to  the  process,  ouly 
by  furnishing  the  necessar\-  quantity  of  azote  for  the  for- 
mation of  the  cyanogen.  On  the  supposition  that  the  ferro- 
cyanic  acid  is  a  compound  of  hydrocyanic  acid  and  iron, 
then  the  explanation  of  the  formation  of  the  salt  would 
seem  to  be  this:  at  the  moment  that  the  sulphate  of  iron 
is  added  to  the  cyanodide  of  potash,  water  is  decomposed, 
and  at  the  same  time,  a  portion  of  the  oxide  of  iron  of  the 
sulphate,  deoxidized.  The  cyanogen  of  the  cyanodide,  alter 
being  converted  into  ferrocyanic  acid  by  combining  with 
the  hydrogen  of  the  decomposed  water  and  the  r^uccd 
iron  of  the  sulphate,  then  unites  to  the  unreduced  portion 
of  the  oxide,  previously  converted  to  the  state  of  peroxide, 
so  as  to  form  the  perferrocyanate.  After  the  perferrocya- 
nate  is  separated,  the  remaining  liquid  is  a  solution  of  sul- 
phate of  potash.  The  supersulphate  of  alumina-and-potash 
(alum),  which  is  employed,  is  for  the  purpose  of  diluting  the 
colour.  Hence  the  Prussian  blue  of  commerce  always  cos- 
tains  a  portion  of  alumina.  It  is  washed  with  diluted  hy- 
drochloric acid,  in  order  to  dissolve  away  some  oxide  of  inm 
which  remains  in  excess. 
Properties  3.  Perferrocyanate  of  iron  is  in  the  form  of  a  powder  of  a 
fcrroc  ^*'  ^^^P  ^'^^  colour.  It  is  insoluble  in  water,  and  scarcely  dis- 
nnatc.  solves  iH  acids.  It  remains  unaltered  in  the  air.  When  de- 
composed by  heat,  cyanogen  is  driven  off,  and  oxidized 
iron  remains  brhind. 
Wci-jjallate  XXII.  Pergallate  of  Iron. — This  salt  may  be  formed  by 
"•on.  dropping  gallic  acid  into  a  pcroxidizcd  salt  of  iron.  It  is 
in  the  form  of  a  black  precipitate,  very  fine  and  light,  and 
remaining  a  long  time  suspended.  If  a  portion  of  mucilagt 
or  syrup  be  added  to  the  water  holding  the  black  precipi- 
tate, it  becomes  permanently  suspended,  and  constitutes  the 
<:i)cm»i:uil  liquid  called  writing  ink.  Ink  is  generally  made  hv  adding 
•i-itiiiKink.  ^  quantity  ot  water  to  a  mixture  of  powdered  nut-galls  and 
sulphate  of  iron  of  commerce.  This  sulphate  is  a  mixture 
of  the  two  sulphates  of  iron;  and  accordingly^  only  part  of 
it  is  proper  to  produce  the  precipitate  of  pergallate  of  iron. 
The  portion  of  the  sulphate,  containing  the  protcixide,  is 
found  to  form  with  gallic  acid,  a  combination,  which  is 
colourless,  but  which,  by  attracting  oxygen  from  the  air, 
soon  becomes  converted  into  a  pergallate  and  turns  black* 
These  facts  supply  the  reason  why  some  inks,  at  first  vcn' 
pale,  become  afterwards  quite  black  by  exposure  to  air. 

XX  III.  Persuccimitc  of  Irof2.^^W)rn:n  succinate  of  soda  is 
■Iroppcd  into  solutions  of  the  persalts  of  oxidized  imn,  thi" 
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vadt  ptecipitates  in  the  form  of  brownish-red  flakes.  Succi-  Chaf.iv. 
nate  of  soda  is  therefore  a  very  excellent  test  of  the  pre-  " 

sence  of  peroxide  of  iron,  in  solutions. 


acid  forms  a  distinct  salt  with  each  of  the  oxides  of  Oxidized 

;__.  '  iron  forms 

*'^"**  two  MlU 

XXIV*  Acetate  of  /ron.— -This  salt  may  be  formed  by  wiih  acetic 
dissolving  sulphuret  of  iron  in  acetic  acid.  It  is  in  the  form  *^' 
of  crystals  of  a  green  colour,  and  sweetish  styptic  taste. 

XXV*  Peracetate  of  /ro;i.— >This  .salt  may  be  prepared, 
either  by  mixing  together  sulphate  of  iron  and  acetate  of 
lead  (sugar  of  lead),  and  exposing  the  mixture  to  the  air, 
or  by  dissolving  iron  in  the  impure  acetic  acid  obtained  by 
dialling  wood.  It  is  deliquescent,  and  cannot  be  made  to 
crystallize.  When  evaporated,  it  assumes  the  form  of  a  jelly. 
Its  solution  in  water  has  a  brownish-red  colour.  It  is  much 
employed  by  calico  printers;  it  being  the  most  easily  de- 
oompcMed  of  any  of  the  persalts  of  oxidized  iron.  When 
prepared  with  alcohol,  it  forms  the  tincture  ofacetated  iron^ 
of  me  Dublin  college. 

Tartaric  acid  forms  one  salt  with  protoxide  of  iron,  and  Protoxide 
one  salt  with  protoxide  of  iron  and  potash.  tewbto"' 

XXVI.  Tartrate  of  Iron, — When  tartaric  acid  is  poured  two  t»r- 

mto  a  solution  of  sulphate  of  iron,  and  the  mixture  heated,  V^^!^L^. 

this  salt  may  be  obtained  in  the  form  of  crystals  which  are 

sparingly  soluble  in  water. 

XXVn.  TARTRATE  Ot  POTASH-AND-IRON. 
(Old  names,  Chalybeaied  Tartar^-'Tartarixed  Iron.) 

!•  This  salt  may  be  obtained  by  boiling  a  mixture  of  two  2.  Potati^/ 
parts  of  bitartrate  of  potash  (cream  of  tartar),  and  one  part  ^'^*™^*^* 
of  iron  filings,  previously  made  into  a  paste  with  water,  in  a 
sufficient  quantity  of  this  liquid.  The  extra  atom  of  acid  in 
the  bitartrate  beco(nes  saturated  with  protoxide  of  iron.  By 
proper  evaporation,  the  salt  may  be  obtained  in  crystals.-— 
The  Dublin  college  form  this  triple  salt  by  boiling  one  part 
of  carbonate  of  iron  and  two  parts  of  bitartrate  of  potash^ 
in  thirty-two  parts  of  water.  The  liquor  thus  obtained  is 
filtered,  and  evaporated  for  crystallization. 

2.  Tartrate  of  potash-and-iron  is  in  the  form  of  small 
Beedle-shaped  crystals,  possessing  a  chalybeate  taste.  It  is 
very  soluble  in  water. 

3.  When  this  salt  is  employed  as  a  medicine,  it  acts  as  aiumedjeai 
tonic  and  aperient.  From  its  chemical  composition,  there  V«>pertiqf. 
is  reason  to  believe  that  it  would  be  of  service  in  many 

cases  of  chronic  disease.  It  certainly  deserves  more  atten- 

2  Z 
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Book  I.    tion  thaa  is  generally  paid  to  it  by  the  medical  profession 
DiviiionIL  jn  this  country.  Its  dose  is  from  10  to  30  grains. 

Chalybeate  or  ferrated  wine  may  be  considered  as  this 
triple  salt  dissolved  in  wine;  since  this  liquid  dissolves 
iron,  only  in  consequence  of  the  bitartrate  of  potash 
(tartar),  which  it  contains.  To  make  a  uniform  chalybeate 
wine,  it  would  be  preferable  to  dissolve  a  detemunate 
quantity  of  the  triple  salt,  ready  formed,  in  some  wine. 

Peroxide  of  Tartaric  acid  forms  but  one  salt  with  peroxide  of  iron. 

but  one  tar-     XXVIII.  Pertartrate  of  Iron. — When  iron  is  dissolved 
trate.         in  tartaric  acid,  and  heat  applied  to  the  solution,  this  salt 
becomes  formed.  It  has  a  red  colour.  It  is  not  crystalliz- 
able  by  evaporation,  but  assumes  the  form  of  a  jelly. 


List  of  salts  Of  the  remaining  salts  of  oxidized  iron,  there  have  been 
in>n"ot*^  more  or  less  examined  by  chemists,  the  sulphite,  hyposul- 
deaeribed.  phite,  hydrosulphate,  selenate,  borate,  molybdate,  andmo- 
niate,  sulphocyanate,  purpurate,  oxalate,  benzoate,  citrate, 
mellate,  malate,  lactate,  suberate,  zumate,  and  boktate;  but 
these  salts  are  of  too  litde  importance  to  be  described*  The 
rest  of  the  salts  of  oxidized  iron,  amounting  to  31,  are  un- 
known. 

General         The  salts  of  oxidized  iron  may  be  recognised  by  die 

SfiEf^^u  following  properties  or  marks. 

of  oxidized       1.  The  majority  of  them  are  soluble  in  water;  and  in 

general,  they  have  a  greenish  or  yellowish-red  colour,  and 

an  astringent  taste. 

2.  Ferrocyanate  (triple  prussiate)  of  potash,  when  drop- 
ped into  their  solutions,  occasions  a  precipitate,  which  is 
either  deep  blue,  or  acquires  this  colour  by  exposure  to  the 
atmosphere.  This  precipitate  is  the  perferrocyanate  of  iron 
(Prussian  blue). 

3.  Phosphate  of  soda  occasions  a  white  precipitate  m 
their  solutions. 

4.  Succinate  of  ammonia  precipitates  the  peroxidized 
salts  of  a  flesh-colour,  but  has  no  effect  upon  the  protoxi- 
dized  sal^s. 


iron. 
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CHAP.  lY. 

SECTION  XVL  * 

SALTS  OF  OXHHZED  NICKEL. 

B  OF  Oxidized  Nickel  are  combinationB  of  theSaiuofoii* 
des  of  nickel. with  the  different  acids*  Only  three  of^^^f^' 
se  compounds  will  be  noticed*  oompoaiidi, 

Hydrochlorate  of  iVici^/*— Usual  chemical  name,  Hydroehio- 
jte  of  Nickel. — ^When  pure  nickel  is  dissolved  in  hy-^^^"*^' 
loric  acid  assisted  by  nitric  acid,  and  the  solution 
rated,  this  salt  is  obtained  in  crystals  of  an  apple- 
colour*  In  the  air,  they  at  first  deliquesce,  but,  by 
exposure,  suffer  decomposition*  When  somewhat 
1,  the  salt  becomes  yellow,  and  loses  about  55  per 
in  water  of  crystallization;  but  its  original  quantity 
bored  again,  when  it  is  exposed  to  the  air,  by  the  ab- 
on  of  moisture*  In  a  stronger  heat,  it  is  decomposed* 
Sulphate  of  NicieL-^This  salt  may  be  formed  by  dis-  Solphate. 
g  pure  nickel,  in  sulphuric  acid,  occasionally  assisted 
trie  acid*  It  is  in  the  form  of  crystals,  which  have  a 
iful  green  colour,  and  are  not  altered  by  exposure  to 
r*  It  has  an  astringent  taste,  and  is  very  soluble  in 
.  When  heated,  it  swells  without  melting,  and  as- 
\  a  yellow  colour,  owing  to  the  loss  of  its  water  of 
lUization. 

*  Nitrate  of  JVioJ^/.— When   nickel  is  dissolved    in  Nitrate. 
acid  by  the  assistance  of  heat,  the  solution,  by  evapo- 
,  yields  this  salt  in  cr)'stals*  These  crystals,  by  expo- 
o  air,  at  first  deliquesce,  but  afterwards  fall  to  pow- 
nd  gradually  lose  their  acid. 

the  remaining  salts  of  oxidized  nickel,  there  have  List  of  salts 
more  or  less  examined  by  chemists,  the  ammonio-  ^f^^^Jt'^^ 
ite,  potasso-sulphate,  ferro-sulphate,  selenate,  ammo-  described, 
trate,  carbonate,  borate,  phosphate,  arseniate,  chro- 
molybdate,  sulphocyanate,  purpurate,  oxalate,  acetate 
umate;  but  these  salts  are  of  too  little  importance  to 
iced.  The  rest  of  the  salts  of  oxidized  nickel,  amount- 
>  48,  are  unknown. 

e  salts  of  oxidized  nickel  may  be  recognised  by  the  General 
ing  properties  or  marks.  SfX7aJi 

They  are  generally  soluble  in  water;  and  their  solu-  of  oxidized 
have  a  beautiful  green  colour*  nickcU 

^Vhen  ferrocyanate  (triple  prussiate)  of  potash  is  drop- 
ito  their  solutions,  a  milk-white  precipitate  is  formed, 
flydrosulphate  (hydrosulphuret)  of  potash,  occasions 
k  precipitate. 
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SECTION  XVIL 


SALTS  OF  OXIDIZED  COBALT. 

Saitsofoxi-SALTft  OP  OxiDizED  CoBALT  are  Combinations  ofdiemo' 
blu^i^t       toxidc  of  cobalt  with  the  different  accida.  The  peronde  ii 
eompouiids.     not  known  as  a  salifiable  base.  Only  four  of  these  com- 
pounds will  be  noticed. 

Hydroohio-     I.  Hydrochlorate  of  Cobalt.^^Uswsl  chemical  name,  ifif* 
gj^^*^  riate  of  Cobalt. — This  salt  may  be  formed  by  dissolving 
cobalt  in  hydrochloric  (muriatic)  acid,  assisted  by  nioic 
acid.  The  solution,  when  sufficiently  concentrated,  deposites 
small  deliquescent  crystals,  which  are  at  first  blue,  but  af- 
terwards become  red  by  the  absorption  of  moisture.  TUs 
salt,  when  dissolved  in  water,  forms  one  of  the  best  sym* 
pathetic  inks  known.  When  the  solution  is  very  much  dilu- 
ted, it  is  nearly  colourless;  and  if  employed  to  trace  letters 
on  paper,  the  writing  remains  invisible  in  the  cold;  bnt  if 
the  paper  be  gently  heated,  the  letters  become  visiUe  of  a 
fine  green  colour.  When  the  salt  is  heated  to  redness  in  a 
retort,  those  portions  of  it,  which  are  in  contact  with  the 
vessel,  undergo  decomposition,  tinging,  at  the  same  time, 
the  glass  of  a  blue  colour;  the  rest  melts,  and  aftenrinis 
sublimes  in  grey-coloured  flowers,  which  are  difficuldy  solu- 
ble in  water. 
Sulphate.         II.  Sulphate  of  Cobalt. — When  boiling  sulphuric  acid  is 
digested  upon  cobalt,  the  metal  is  dissolved;  and  there  is 
obtained  a  brownish-red  mass,  which,  by  solution  and  e?a- 
poration,  yields  this  salt  in  small  needle- form  crystals.  It 
has  a  reddish-colour,  and  is  not  altered  by  exposure  to  air. 
When  heated,  it  loses  42  per  cent,  in  water  of  crystalliza- 
tion, and  becomes  converted  into  an  opaque,  rose-coloured 
mass, 
yiti-ate.  ni.   Nitrate  of  Cobalt. — ^When  nitric  acid   is  digested 

upon  cobalt  with  the  assistance  of  heat,  the  solution  obtain- 
ed, by  evaporation,  yields  this  salt,  in  the  form  of  crystals, 
which  are  deliquescent  in  the  air,  and  suffer  decomposition 
by  heat. 

IV.  Hi/drofuate  of  Co  bait. -^Usud}  chemical  name,  Fbiate 
of  Cobalt. —  This  salt  may  be  obtained  by  dissolving  pro- 
toxide ol  cobalt  in  hydrofluoric  (fluoric)  acid,  and  evapo- 
rating the  solution  formed.  It  is  in  the  form  of  small  red 
crystals,  which  contain  a  small  excess  of  acid.  When  treat- 
ed with  water,  it  is  divided  into  two  salts;  a  superhydro- 
fluate  which  remains  in  solution,  and  a  neutral  hydroflaate 
which  precipitates  in  the  form  of  a  red  powder. 
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Of  die  remaining  salts  of  oxidized  cobalt,  there  have  been  Cbap.  i  v. 
naore  or  less  noticed  by  chemists,  the  selenate,  ammonio-  mm 
nitrate,  carbonate,  borate,  phosphate,  arseniate,  antimoniate,  of  oxidized 
imtimonite,  sulphocyanate,  purpurate,  oxalate,  acetate,  tar-  ?*^?{^ 
trate,  and  zumate.  The  rest  of  the  salts  of  oxidized  cobalt, 
imounting  in  number  to  46,  are  unktiown. 

The  salts  of  oxidized  cobalt  may  be  recognised  by  the  G«»ena 
oUowing  properties  or  marks.  T'P^* 

1.  The  greater  number  of  them  are  soluble  in  water;  and  ^oi^iis^ 
heir  solutions,  when  containing  a  neutral  salt,  have  a  red-  oobait 
Ibh  colour. 

2.  Potash  or  soda,  when  dropped  into  them,  occasions  a 
»lue  precipitate. 

3.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
ellowish-brown  precipitate,  often  having  a  «hade  of  blue» 


SECTION  XVIII. 


SALTS  OF  OXIDIZED  MANGANESE. 


9ALT8  OT  Oxidized  Manganese  are  combinations  of  the  Saiu  of  ox- 
protoxide  and  peroxide  of  mancranese  with  the  different  ^^^  ™*"' 
acids:  the  deutoxide  is  not  known  to  enter,  as  a  constitu-  what  com<' 
cnt,  into  any  salt.  Four  only  of  these  salts  will  be  noticed,  poinds. 

I.  Hydrochlorate  of  Manganese.^^UsuBX  chemical  name,  HyUrochlo- 
Murtate  of  Manganese. — This  salt  may  be  formed  by  dis-  manganese. 
lolving  protoxide  or  carbonate  of  manganese  in  hydrochloric 

acid.  It  is  difficult  to  obtam  it  in  crystals.  It  is  transparent, 
ftnd  has  a  rose-red  colour,  and  a  caustic  taste,  which  leaves 
a  saltish  impression  upon  the  tongue.  It  speedily  deliques- 
ces in  the  air.  When  exposed  to  heat,  it  undergoes  the 
watery  fusion;  and  if  the  temperature  be  increased  to  red- 
ness, the  greater  part  of  the  acid  is  driven  off". 

Sulphuric  acid  forms  a  salt  with  either  .the  protoxide  oroxidiz^ 
peroxide  of  manganese.  mangmeae 

II.  Sulphate  of  Manganese* — ^This  salt  may  be  obtained  uj^^u[^ 
by  dissolving  carbonate  of  manganese  in  sulphuric  acid.   It  •uipanrie 
is  formed  also,  when  the  peroxide  is  treated  with  sulphuric  *®"*' 
acid,  with  the  assistance  of  heat.  The  oxide  becomes  re- 
duced to  the  state  of  protoxide  (oxygen  being  extricated  in 

the  gaseous  form)  and  then  dissolves  in  the  acid.  It  is  ia 
the  form  of  silky,  needle-shaped  crystals,  of  a  sweetish 
taste.  It  is  not  altered  by  exposure  to  the  air.  After  being 
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Book  l   dried,  it  is  soluble  in  about  three  times  its  weight  of  coU 
Difirfonll.  water. 

III.  Persulphaie  of  it^m^none^r.— This  salt  may  be  ob- 
tained by  distilling  sulphuric  acid  off  the  peroxide  of  nuu- 
ganese*  A  mass  is  thus  obtained,  which,  by  treatment  with 
water,  affords  a  violet-coloured  liquor,  holding  this  sulphate 
in  solution.  It  cannot  be  obtained  easily  in  crystals.  When 
the  solution  is  evaporated,  it  is  converted  into  a  jelly-like 
mass,  intermixed  with  soft  crystals  of  litde  peraumeDcy. 
When  evaporated  to  dryness,  it  yields  thin  red-cokxired 
crusts,  which  are  formed  by  successive  precipitaUoss  from 
the  surface. 

Kitniieor  IV.  Nitrate  of  Manganese.'^iiitnc  acid  dissolvea  nan* 
maoguiete.  gancse  with  effervescence,  owing  to  the  formation  of  deu- 
toxide  of  azote  (nitrous  gas).  It  acts  with  great  diSodty 
upon  the  peroxide;  but,  after  long  digestion,  the  solutioo  is 
effected.  Its  solvent  power  is  greatly  assisted  by  the  addi-* 
tion  of  sugar  or  gum,  as  the  solution  is  going  on,  and  s 
quantity  of  carbonic  acid  is  emitted.  This  <;^umstaiice 
shows,  that  part  of  the  oxygen  of  the  peroxide  is  yielded 
up  to  combine  with  the  carbon  of  the  substances  added. 
The  easiest  method,  however,  for  forming  this  salt,  it  to 
dissolve  the  carbonate  in  nitric  acid,  and  to  evaporate  the 
solution  cautiously.  The  salt  is  thus  obtained  in  needle- 
form  crystals,  semi-transparent  and  of  a  white,  cdonr.  It 
has  a  sharp  bitter  taste,  and  is  soluble  in  water  and  deli- 
quescent in  the  air. 

List  of  salts  Besides  the  four  salts  just  described,  there  have  been 
of  oxKhzed  ^Qre  q^  Icss  noticed  by  chemists,  the  hydrosulphate,  sele- 
oiuittcii.  nate,  carbonate,  phosphate,  arscniate,  chromate,  tungstate, 
antimoniate,  hydrofluate,  sulphocyanate,  oxalate,  succinate, 
acetate,  tartrate,  potasso-tartratc,  benzoate,  citrate  and  zi- 
mate  of  manganese;  but  these  salts  are  of  too  little  im- 
portance to  be  described.  The  rest  of  the  salts  of  oxidized 
manganese,  amounting  in  number  to  43,  are  unknown. 

c^curai  The  salts  of  oxidized  manganese  may  be  known  by  the 

pmjcrtics  follow inc:  properties  or  marks. 

«)f  Ih-  suits  ^       _.  '^.^        \        .  ••Ill  1  £ 

ofoxiiizcd       1*  Their  solutions  are  precipitated,  by  the  carbonate  oi 
ni«ii»K:n€8c.  potash  or  soda,  of  a   white  or  reddish   colour,  becoming 

black  by  exposure  to  air.  This  precipitate  is  a  carbonate  of 

manganese. 

2.  Ferrocyanatc  (triple  prussiate)  of  potash  occasions  a 
white  precipitate. 

3.  Hydrosjlphate  (hydrosulphuret)  of  potash  occasions  a 
white  precipitate. 


SALTS  OF  OXnUEBD  CERIUBl  Ag*9 
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SECTION  XIX.  — '' 

SALTS  OF  OXIDIZED  CKRIUM. 

Ialts  of  Oxidized  Cerium  are  combinations  of  the  ox-Sftiuofazi- 
ides  of  cerium  with  the  different  acids.  Five  only  of  these  J^.*^ 
compounds  will  be  noticed.  wbat'eam. 

Hydrochloric  acid  combines  with  the  peronde  of  cerium 

onlv* 

L  Perhydrochlorate  of'  CVrii/m.^Usual  chemical  name,  Perhydro- 
Muriate  oJT  Ceriwm.— When  peroxide  of  cerium  is  treated  •'^P"*®  ^ 
with  hydrochloric  acid,  a  solution  is  obtained,  which,  by 
concentration,  may  be  mcde  to  yield  this  salt  in  crystals  of ' 
I  yellowish-white  colour.   It  has  an  astringent  and  sweet 
taste,  and  deliquesces  in  the  air.  When  exposed  to  heat,  it 
is  completely  decomposed. 

Sulphuric  acid  forms  a  distinct  salt  with  each  of  the  oxides  Oxidized 

of  cerium.  ecriam 

II.  Sulphate  of  CVrftim.-— This  salt  may  be  formed  by  suiphaUi; 
lissolving  the  protoxide  or  carbonate  of  cerium  in  sulphuric 

icid.  The  solution  is  colourltss  and  has  a  sweet  taste,  and 
readily  yields  the  salt  in  crystals. 

III.  Persulphate  of  Cerium. — By  digesting  peroxide  of 
cerium,  for  some  time,  in  diluted  sulphuric  acid,  there  is 
obtained  an  orange-coloured  solution,  which  yields,  by  b^a- 
poration,  this  salt  in  needle- form  crystals.  Its  colour  is 
3artly  lemon-yellow  and  partly  orange.  It  is  not  soluble  in 
R?ater,  unless  it  contain  an  excess  of  acid;  in  which  case  its 
(olution  has  an  acid  and  sweet  taste.  When  exposed  to 
he  air,  it  falls  into  a  yellow  powder. 

hfitric  acid  forms  a  distinct  salt  with  each  of  the  oxides  oftodtwo^- 

•  tratot. 

cenum. 

IV.  Nitrate  of  CdTiMm.— When  nitric  acid  is  poured 
ipon  the  protoxide  or  carbonate  of  cerium,  this  salt  is 
readily  obtained  in  solution.  The  solution,  which  is  colour- 
ess  and  possesses  an  austere  sweet  taste,  always  retains  an 
excess  of  acid,  and  cannot  be  made  to  crystallize  without 
lifficulty. 

V.  Pemttrate  of  Ori wm.— When  peroxide  of  cerium  is 
iissolved  in  hot  nitric  acid,  the  solution  yields  this  salt  in 
imall  white  crystals,  which  deliquesce  when  exposed  to  the 
ur,  and  suffer  decomposition  by  heat. 

Of  the  remaining  salts  of  oxidized  cerium,  the  following  List  of  salts 
lave  been  noticed  by  chemists;  namely,  the  potasso-sulpliate,®^  oxW>^<^ 
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Book  I.  sulphite,  selenate,  carbonate,  phosphate,  arseniate,  molyb- 
DiTjtionil.  date,  oxalate,  succinate,  acetate,  tartrate,  bcnzoate  and  d- 
oeriom  trate*  The  rest  of  the  salts  of  oxidized  cerium,  amountiag 
omitted,     ji^  number  to  48,  are  unknown. 

General  The  salts  of  oxidized  cerium  may  be  distinguished  hj 

PW**^**  the  following  marks. 

of  oxUUzed      1*  'I^he  protosalts  are  white,  and  the  persalta,  yelloir. 
oernun.  2.  Their  solutions  in  water  have  a  sweet  taste. 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasioos  a 
white  precipitate,  consisting  of  the  protoxide. 

4.  Ferrocyanate  (triple  prussiate)  of  potash  occaMoni  a 
milk-white  precipitate. 


SECTION  XX. 


SALTS  OF  OXIDIZED  URANIUM. 

satB  of  Salts  of  Oxidized  Uranium  are  combinadons  of  the 
w^kim;  oxides  of  uranium  with  the  different  acida.  Four  of  these 
ivhat  eom-       salts  only  will  be  noticed. 

poands. 

Hydroehio-  I.  Hydrochlorate  of  Uranmm.— Usual  chemical  name, 
^^  ^  ^^^' Muriate  of  t7rawiMw..^Hydrochloric  acid  scarcely  acts 
upon  uranium  in  the  metallic  state,  but  dissolves  the 
protoxide.  The  solution  formed  yields  this  salt  in  crystals, 
which  have  a  yellowish  colour,  and  are  deliquescent  in  the 
air. 
Sulphate.  !!•  Sulphate  of  Uranium, — Sulphuric  acid,  when  cold, 
has  very  little  action  upon  uranium;  but  when  diluted  and 
assisted  by  heat,  it  dissolves  its  protoxide,  and  the  solution 
obtained  yields  needle-formed  crystals  of  this  sulphate. 
This  salt  has  a  lemon-yellow  colour.  It  dissolves  in  some- 
what more  than  half  its  weight  of  cold  water,  and  in  a  less 
quantity  of  boiling  waper.  When  exposed  to  a  red  heat,  its 
acid  is  entirely  dissipated,  and  nothing  remains  but  the  pure 
protoxide. 

Protoxide    Nitric  acid  forms  a  neutral  salt  and  a  subsalt  with  protox- 

f*nir"w™      ^^^  ^^  uranium. 

fiitratet.  HI.  Nitrate  of  Uranium.'^This  salt  may  be  formed  by 

dissolving  protoxide  of  uranium  in  nitric  acid.  It  is  in  the 
form  of  lemon-yellow  crystals,  which  are  greenish  on  the 
edges;  but  if  it  contain  an  excess  of  acid,  the  crystak  are 
entirely  greenish.  Cold  water  dissolves  about  twice  its 
weight  of  this  salt.  Boiling  water  dissolves  any  quantity; 
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the  wfilcr  of  ciystaUization  being  sufficient  to  effect  the  so-  Chap.iv. 
lutioD  at  the  boiling  temperature*  When  exposed  to  the  air, " 
heated  U>  about  the  temperature  of  lOOP,  it  very  soon  falls 
into  a  white  powder;  but  in  a  cold  and  damp  situation,  it 
deliquesces,  and  is  converted  into  a  liquid* 

IV*  Subnitrate  of  Uranium. — This  salt  may  be  formed 
by  heating  nitrate  of  uranium,  until  it  becomes  of  an  orange- 
yellow  colour,  and  then  treating  it  with  water.  The  portion 
oi  it,  which  remains  undissolved,  is  the  subnitrate.  It  is  in 
the  form  of  a  powder  of  a  lemon-yellow  colour* 

Besides  the  four  salts  just  described,  there  have  beenliitofidta 
noticed,  by  different  chemists,  the  selenate,  phosphate,  ar-  of  o»«<»*«d 
seniate,  molybdate,  tungstate,  sulphocyanate,  acetate  and  omitted, 
tartrate  of  uranium;  but  these  salts  are  of  too  litde  im- 
portance to  be  described*  The  rest  of  the  salts  of  oxidized 
unmium,  amounting  to  52,  are  unknown* 

The  sidts  of  oxidized  uranium  may  be  distinguished  by  Geneni 
the  following  marks.         ^  STT'l^ 

1.  The  greater  number  of  them  are  soluble  in  water;  and  ot  jxiitized 
die  solutions  have  a  yellow  colour.  uranium. 

2*  Potash  and  soda,  or  their  carbonates,  occasion  a  white 
precipitate,  which  is  soluble  in  excess  of  these  salifiable 
iMwes* 

^*  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
brownish-red  precipitate,  which  is  not  in  the  form  of  flakes* 

4*  Hydrosulphate  (hydrosulphuret)  of  potash  occasions 
a  brownish-yellow  precipitate. 


SECTION  XXI* 

SALTS  OF  OXIDIZED  ZINC. 

Salts  of  Oxidized  Zinc  are  combinations  of  the  oxide  Salts  of  ox- 
of  zinc  with  the  different  acids*  The  following  are  the  *^|f ^  ^"*^5 

,  r    1  t  •  What  corn- 

most  important  of  these  salts*  pounds. 

I*  Chlorate  of  Zinc. — Former  chemical  name,  Hyperoxy-  chlorate  of 
muriate  of  Zinc. — Chloric  acid  dissolves  zinc  without  ef-  wnc- 
fervescence,  and  the  solution  contains  both  chlorate  and 
chloride  of  zinc*  Hence,  it  is  evident,  that  part  of  the  acid 
is  decomposed;  the  oxygen  of  the  decomposed  portion 
oxidizes  a  part  of  the  zinc,  with  which  the  undecomposed 
portion  combines  in  the  form  of  chlorate  of  zinc;  while  its 
chlorine  forms  a  chloride  with  the  metallic  zinc.  This  salt, 
however,  may  be  obtained,  in  a  separate  state,  by  dissolv- 

3  A 
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Book  I.   ing  carbonate  of  zinc  in  chloric  acid,  and  evaporating  die 
DivbionlL  solution  Until  it  crystallizes.  It  has  a  very  astringent  taste. 

On  buniing  coals,  it  fuses  and  produces  a  yellow  light,  but 

does  not  detonute. 
Hjdrochio-      11.  HydrocMorate  of  Zinc*^Us}jal  chemical  name,  Jfic- 
'"^^  ^       riate  o/*  Zrnc— This  salt  may  be  formed  by  dissolving  zinc 


zme. 


in  hydrochloric  acid.  The  solution  is  attended  with  eflfer- 
vescence,  owing  to  the  extrication  of  hydrogen  gas*  Whea 
evaporattrd,  it  does  not  crystallize,  but  forms  a  mass  re- 
sembling jelly.  When  distilled,  a  portion  of  its  add  sepa-^ 
rates,  and  a  solid  mass  is  left  behind,  which  is  veiy  tolable 
in  water,  and  attracts  moisture  from  the  air,  so  as  to  aasume 
a  gelatinous  consistency.  When  evaporated  to  dryness,  and 
afterwards  exposed  to  a  red  heat  in  a  glass  vessel  with  a 
narrow  orifice,  it  is  converted  into  chloride  of  zinc 

III.  lodate  of  Zinc.^^This  salt  may  be  obtained  by  dis* 
solving  carbonate  of  zinc  in  iodic  acid.  After  an  interval  of 
a  few  hours,  the  salt  precipitates  in  spherical  grains*  It  is 
but  sparingly  soluble  in  water. 

IV.  Hydriodate  0/ Zi/ic— -This  salt  may  be  formed  by 
heating  iodine,  with  excess  of  zinc,  imder  water*  The  water 
at  first  acquires  a  deep-brown  colour;  but  afterwards,  if  the 
heat  be  continued,  it  becomes  colourless.  It  now  constitutes 
a  solution  oT  this  hydriodate.  It  cannot  be  made  to  crystal- 
lize. When  evaporated  to  dryness  and  fused,  it  is  converted 
into  a  crystallized  iodide  of  zinc. 

V.  SULPHATE  OF  ZINC. 

(Common  names,  Vitriolated  Zinc. —  JVhite  Vitriol,) 

i)uiphaieof      1.  This  salt  may  be  formed  by  dissolving  three  parts  of 
ziiit;  j^jj^j.  filings  in  five  parts  of  sulphuric  acid,  previously  dilu- 

taincd.        ted  with  twenty  parts  of  water.   The  solution,  on  being  set 
aside,  deposites  the  sulphate  in  cr}'stals. 

2.  It  is  prepared  by  the  manufacturer  by  roasting  native 
sulphuret  of  zinc  (blende).  By  this  measure,  the  sulphur 
becomes  acidified,  and  the  metal,  converted  into  an  oude. 
The  mineral,  thus  altered,  is  then  dissolved  in  water,  and 
the  solution  obtained,  concentrated  so  far  as  that  the  sul- 
phate suddenly  crystallizes  in  a  mass,  not  unlike  white 
sugar.  In  this  state,  it  constitutes  the  white  vitriol  of  com- 
merce. It  is,  however,  impure,  owing  to  admixture  of  iron, 
copper  and  lead.  Apothecaries  very  frequently  put  up, 
in  prescriptions,  the  impure  sulphate  of  commerce;  bat, 
before  being  used  medicinally,  it  ought  always  to  be  purified 
bv  solution,  and  mixture  with  a  quantity  of  zinc  filings* 
2inc  has  the  property  of  precipitating  all  metals  from  thtir 
solutions;  and  hence  its  use  in  the  purification,  as  it  throws 
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4owii  all  the  foreign  metals,  and  takes  their  place.  The  im-  Chaf.iv. 
pure  sulphate  may  be  distinguished  by  its  having  yellow 
spocs,  and  by  letting  fall,  upon  solution,  a  dirty  brown  sedi- 
ment. 

3»  This  salt  was  discovered  in  Germany  about  the  mid- 
dle of  the  sixteenth  century.  It  was  first  proved  to  contain 
zinc  by  Henkel  and  Newmann;  but  it  was  Brandt,  who 
ascertained  its  composition  completely. 

4.  Sulphate  of  zinc  has  a  white  colour,  and  a  metallic  Prop<r« 
at>'ptic  taste.  It  dissolves  in  about  two-thirds  of  its  weight  ^^' 
of  cold  water,  and  to  any  amount  in  boiling  water.  Its  spe- 
cific gravity,  when  in  the  form  of  crystals,  is  1-912;  but,  in 

an  impure  state  as  it  occurs  in  commerce,  it  is  1  *d27.  When 
exposed  to  heat,  it  speedily  melts,  then  loses  its  water  of 
crystallization,  amounting  to  about  36  per  cent,  and  at  last» 
when  the  temperature  is  considerably  raised,  it  parts  with 
the  greater  portion  of  its  acid. 

5.  It  is  composed  of 

Sulphuric  acid  40— one  atom. 
Oxide  of  zinc  41— one  atom. 

Giving  81  for  the  number  represent- 
ing the  weight  of  its  atom. 

6.  Sulphate  of  zinQ^is  frequently  used  in  medicine,  and  Uses  ia 
with  various  intentions.  When  employed  in  smadl  doses,  it  °»«**"*^- 
is  said  to  act  as  a  tonic.  In  doses  of  from  ten  grains  to  half 

a  drachm,  it  acts  as  a  very  prompt  emetic,  and  on  this  ac- 
count is  generally  preferred  for  the  purpose  of  dislodging 
poison  from  the  stomach.  When  given  with  this  view,  it 
may  be  exhibited,  in  urgent  cases,  in  very  large  doses.  In 
solution,  It  is  frequently  used  as  an  injection  in  gonorrhoea, 
to  act  as  a  sedative  and  astringent  application.  It  forms  a 
part  of  the  most  efficacious  astringent  colly ria.  In  solution, 
along  with  supersulphate  of  alumina-and-potash  (alum),  it 
forms  the  compound  alum  water  of  the  London  college, 
formerly  called  Bates's  alum  water,  which  is  frequently 
used  for  the  purpose  of  cleansing  ulcers,  and  as  a  wash  for 
cutaneous  eruptions. 

VI.  Nitrate  of  Zinc. — This  salt  may  be  formed  by  dis- Nitrate-qf 
solving  zinc  in  nitric  acid.  The  acid  acts  upon  the  metal  ^^'*^* 
with  great  energy,  and  large  quantities  of  deutoxide  of 
azote  (nitrous  gas)  are  emitted.  The  solution  is  transpa- 
rent and  colourless,  and  possesses  a  styptic  taste.  When 
sufficiently  evaporated,  it  yields  the  nitrate  in  cr>'stals. 
This  salt  is  soluble  in  water,  and  deliquescent  in  the  air. 
When  heated  on  burning  coals,  it  first  melts,  and  then  de- 
tonates with  a  red  flame.  In  a  strong  heat,  it  is  completely 
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Book  I.    decomposed,  its  acid  being  converted  into   deutozide  of 
niw^ion  ft  azote  and  oxygen  gas. 

VII.  CARBONATE  OF  ZINC. 
(Cocnmon  nmrne,  CaloHme.) 

Cirbonate       1.  This  salt  may  be  formed  by  precipitating  a  solution  of 
of  zinc       any  salt  of  zinc,  by  means  of  the  carbonate  of  potash  or  of 

soda. 
How  pre-       2.  For  the  purposes  of  medicine,  it  is  prepared  from  cm- 
pared  for    [amine,  a  native  carbonate   of  zinc,  found  abundantly  in 
dieine.    '  England,  Germany,  and  other  countries,  by  a  process  simi- 
lar to  that  for  forming  prepared  carbonate  of  lime  (chalk). 
The  native  carbonate  has  a  variety  of  colours;  the  most 
usual  are   greyish,  brownish,  yellowish,  or  pale  reddish* 
Its  hardness  is  considerable.  B:'tbre  the  blow-pipe,  it  de- 
crepitates and  sublimes.  It  dissolves  in  many  of  the  acids 
with  effervescence. 
3.  It  is  composed  of 

Carbonic  acid  22— one  atom* 
Oxide  of  zinc  41— -one  atom. 

Giving  63  for  the  number  represent- 
ing the  weight  of  its  atom.  - 
Medieal         4.  This^alt  is  used  in  medicine  M  an  external  applica- 
properties.  ^j^^^  ^^|^]y^  j^  jg  employed  in  collyria  for  defluctions  from  the 

eyes,  and  as  a  drying  application  for  moist  running  ulcers, 
and  excoriations.  It  is  usually  applied  in  the  form  of  a 
cerate.  This  cerate  is  called  epulutic  cerate*  It  is  essen- 
tially the  same  with  Turner's  cerate. 

VIII.  Hijdrofiiiatc  of  Zinc. — Usual  chemical  name,  Fk- 
ate  of  Zinc. — This  salt  may  be  obtained  by  dissolving  zinc 
in  diluted  hydrofluoric  acid;  or  by  precipitating  sulphate  of 
zinc  by  means  of  hydrofluate  of  potash.  It  is  a  white,  taste- 
less, insoluble  powder. 

IX.  ACETATE  OF  ZINC. 

Acetate  of  1.  This  salt  may  be  formed  by  dissolving  zinc  in  acetic 
obtained^  acidj  or  by  mixing  together  the  solutions  of  sulphate  of 
zinc  (white  vitriol),  and  acetate  of  lead  (sugar  of  lead)> 
When  obtained  by  the  latter  method,  a  double  decomposi- 
tion takes  place;  and  an  insoluble  sulphate  of  lead  preci- 
pitates, while  the  acetate  of  zinc  remains  in  solution.'  When- 
ever these  two  salts  are  prescribed  in  solution  together, 
this  double  decomposition  takes  place;  and  an  acetate  of 
zinc  becomes  formed.  But  this  is  not  a  good  way  to  pre- 
scribe the  acetate;  us,  in  many  cases,  ignorant  patients  will 
shake  the  liquid,  which  contains  it,  in  order  to  diffuse  the 
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I 
oluble  sulphate,  which  appears  as  a  sediment,  at  the  Cbav.IV. 
ttom  of  the  vial,  under  the  impression  that  it  may  he  a  ' 

?ful  part  of  the  medicine*  The  acetate,  therefore,  should 
rays  be  ready  prepared  in  the  apothecaries*  shops*  It  b 
ily  formed  by  mixing  the  solutions  of  sulphate  of  zinc 
1  acetate  of  lead  together,  and  filtering  the  liquid  obtain- . 
to  separate  the  insoluble  sulphate. 

2.  Acetate  of  zinc  may  be  obtained  in  crystals  by  evapo-  Propertiet. 
ing  its  solution.  It  has  a  bitter  metallic  taste,  and  is  very 

uble  in  water.  In  the  air,  it  suffers  no  alteration.  When      * 
own  upon  live  coals,  it  bums  with  a  blue  flame.  When 
.tiUed,  it  yields  water,  an  inflammable  liquid,  and  some 
,  and  towards  the  end  of  the  operation,  the  oxide  of  zinc 
Climes* 

3.  This  salt  is  very  much  used,  in  solution,  as  an  injec-  Medieai 
n  in  gonorrhoea*  It  appears  to  be  one  of  the  best  metallic  ^'^' 
;parations,  which  can  be  employed  for  abating  inflamma* 

n.  It  is  ordered  by  the  Dublin  college  to  be  dissolved  in 
ohol;  under  which  form,  it  is  called  the  tincture  of  ace- 
e  of  zinc*  When  thus  prepared,  it  is  used  as  a  stimulating 
lyiium  and  injection* 

Of  the  remaining  salts  of  oxidized  zinc,  there  have  been  Lut  of  taiu 
ire   or  less  examined  by  chemists,  the  fcrro-sulphate,  ^^^^^^^j^ 
balto-sulphate,  sulphite,  hyposulphite,  hydrosulphate,  se-  ted.' 
late,  borate,  phosphate,  arseniate,  chromate,  molybdate, 
agstate,   antimoniate,  sulphocyanate,  purpurate,  oxalate, 
ccinate,  tartrate,  potasso-tartrate,  benzoate,  citrate,  ma- 
e,  lactate,  and  zumate;  but  these  salts  are  not  of  sufficient 
iportance  to  be  described.  The  rest  of  the  salts,  formed 
this  metallic  oxide,  amounting  in  number  to  33,  are  un- 
own* 

The  salts  of  oxidized  zinc  may  be  known  by  the  follow*  General  ■ 
5  properties  or  marks.  propertie* 

1.  The  greater  number  of  them  are  soluble  in  water,  and^f  oxkScd 
eir  solutions  are  transparent  and  colourless*  zinc. 

2*  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
iiite  precipitate,  when  dropped  into  them. 

3.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
ute  precipitate. 

4.  They  afford  no  metallic  precipitate,  by  metals,  sus- 
iidcd  in  their  solutions. 
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SECTION  XXII. 

SALTS  OP  OXIDIZED  LEAD. 

S^lie^  Salts  ov  Oxidized  Lkad  are  combinatioDs  of  the  pro- 

whateom'      toxide  of  lead  wiih  the  different  acids.   The  pcroiide 

poandi.  is  not  known  to  combine  with  any  acid:  hence,  strictly 

speaking,  it  is  not  a  salifiable  base.  The  following  are  the 

.  most  important  of  these  salts. 

Chlonte  of     I.  Chlorate  of  Lead. — Former  chemical  name.  Hyper- 
'^*^'  oxymuriate  of  Zf a^.— This  salt  may  be  formed  by  diuolv- 

ing  the  semi-vitrified  oxide  of  lead  (litharge)  in  chkric 
acid.  The  solution  has  a  very  sweet  astringent  taste*  Bf 
spontaneous  evaporation,  it  deposites  the  chlorate  in  bril- 
liant crystals.  On  burning  coals,  it  emits  a  white  smoke 
and  the  lead  is  revived. 

^c^l^^^    Hydrochloric  acid  forms  a  hydrochlorate  and  a  snbhydro- 
ten  into^'       chlorate  by  combining  with  protoxide  of  lead. 
two  hjdro-      II.  Hydrochlorate  of  Z.rflu/— Usual  chemical  name,  iMk- 
*^*****'    riate  of  Lead. — This  salt  may  be  formed  by  decomposing 
nitrate  of  lead  by  means  of  hydrochloric  acid.  It  pnrcipi- 
tates  in  the  form  of  a  white  powder,  which  has  a  sweetish 
taste,  and  is  soluble  in  twenty  two  parts  of  cold  water. 
When  dissolved  in  boiling  water,  it  deposites,  as  the  solu- 
tion cools,  in  crystals  of  a  white  colour,  and  brilliaDt  ap- 
pearance like  satin.  These  crystals  are  not  altered  by  expo- 
sure to  the  air;  but  when  heated,  they  melt  and  are  converted 
into  chloride  of  lead  (horn  lead).  This  salt  is  composed  of 
Hydrochloric  acid     37— one  atom. 
Protoxide  of  lead    112-^one  atom. 

Giving  149  for  the  number  repre- 
senting the  weight  of  its  atom. 

III.  Subhydrochlorate  of  Lead, — Usual  chemical  name, 
Submurtate  of  Lead.^^This  salt  may  be  formed  by  treatingi 
with  water,  a  mixture  of  one  part  of  semi-vitrified  oxidt 
of  lead  (litharge)  and  four  parts  of  chloride  of  sodium  (com- 
mon salt).  This  process  constitutes  one  of  the  methods  for 
obtaining  carbonate  of  soda  from  chloride  of  sodium  (com- 
mon salt);  and  it  has  been  described  and  explained  under 
the  head  of  carbonate  of  soda.  Subhydrochlorate  of  lead 
is  insoloble  in  water,  and  when  newly  formed  has  a  white 
colour.  After  exposure  to  heat,  by  the  action  of  which  it 
becomes  of  a  fine  yellow  colour,  it  is  employed  as  a  paint. 

Sulphate  of     IV.  Sulphate  of  Lead. — Sulphuric  acid,  when  cold,  has 
^^^  '         little  action  upon  lead;  but  in  a  boiling  heat,  it  oxidizes  and 
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iissolTea  this  metal,  sulphurous  acid  being  at  the  same  cbap.iv. 
ime  emittedt  and  forms  with  it  a  thick  white  mass,  con-  " 

isting  of  this  sulphate.  This  salt^  however,  may  be  more 
eadily  formed  by  precipitating  acetate  of  lead  t^  the  sul- 
hatc  of  potash  or  of  soda.  It  is  a  tasteless  white  powder. 
t  occurs  native  in  the  form  of  crystals.  It  is  composed  of 

Sulphuric  acid  40— one  atom* 

Protoxide  of  lead  112— one  atom. 

Giving  152  for  the  number  repre- 
mting  the  weight  of  its  atom. 

Citric  acid  forms  a  nitrate  and  a  subnitrate  by  combining  Protoude 
with  protoxide  of  lead.  of  lead 

V.  Nitrate  of  Lead.— This  salt  may  be  formed  by  dis-  SSSte^* 
olving  lead  or  its  carbonate  in  nitric  acid.  It  is  in  the 
onn  of  crystals,  which  are  opaque  and  white,  and  have  a 
ilvery  lustre.  It  has  a  sweetish  and  harsh  taste,  and  is  not 
Itered  by  exposure  to  air.  It  is  soluble  in  water.  When  ex- 
losed  to  heat,  it  decrepitates,  undergoes  a  kind  of  detona- 
ion,  and  emits  brilliant  sparks.  It  is  composed  of 
Nitric  acid  54-— one  atom. 

Protoxide  of  lead    1 1 2— one  atom. 

Giving  166  for  the  number  repre- 
lendng  the  weight  of  its  atom. 

WI»  Subnitrate  of  Lead. — ^This  salt  maybe  obtained  by 
boiling  a  solution  of  nitrate  of  lead  upon  protoxide  of  kad, 
and  filtrating  the  liquid  formed  while  hot;  upon  its  cooling, 
the  subnitrate  is  deposited  in  pearl-coloured  crystals,  which 
have  a  sweet  astringent  taste. 

VII.  CARBONATE  OF  LEAD. 

(Common  nftmea,  fVhite  Lead-'Cenuae.) 

1.  This  salt  may  be  obtained  by  precipitating  a  solution  Carbonate 
of  lead  in  nitric  acid,  by  means  of  the  carbonate  of  potash  oflcad^ow 
or  of  soda.  For  the  purposes  of  the  arts,  it  is  prepared  by  P**?*""' 
exposing  thin  plates  of  lead,  rolled  spirally  and  placed  on 

their  edges,  to  hoi  vapours  of  common  acetic  acid  (vinegar). 
The  plates,  after  a  certain  time,  become  covered  with  a 
white  crust,  which  is  scraped  off.  They  are  again  and 
again  exposed  to  the  vapour  of  the  acid,  until  they  are  en- 
tirely corroded.  The  white  substance  thus  formed  is  car- 
bonate of  lead.  The  carbonic  acid  is  probably  formed  by 
the  decomposition  of  the  acetic  acid. 

2.  The  carbonate  of  lead  has  been  considered  to  be  an 
oxide;  and  accordingly,  the  Edinburgh  college  calls  it  the 
white  oxide  of  lead.  It  has  also  been  called  a  subacetate  of 
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Book  L   lead,  OQ  accouDt  of  die  maumer  in  wluch  it  is  prepared,  it 
P»^wwp  M'  being  by  the  action  of  common  acetic  acid  (vinegar);  but  it 
is  in  fact  a  carbonate  of  lead,  as  was  first  ascertained  by 
Bergman. 

3.  Carbonate  of  lead  occurs  native,  sometimes  in  the 
form  of  crystals  having  a  white  colour  and  conuderabk 
lustre.  Its  specific  gravity  in  this  state  is  7*23. 

4.  Carbonate  of  lead,  when  artificially  formed,  is  a  Mttie, 
friable,  heavy  substance,  insoluble  in  water,  and  possessing 
a  snow-white  colour  and  sweet  taste.  The  beauty  of  its 
colour  depends  principally  upon  the  purity  of  the  lad  from 
which  it  is  manufactured.  It  has  a  scaly  and  foliated  tcxtiire. 

5.  It  is  composed  of 

Carbonic  acid  22— one  atom* 

Protoxide  of  lead    11 2-— one  atom. 

Giving  154  for  the  number  represest- 

ing  the  weight  of  its  atom. 
Cted  in  the     6.  Carbonate  of  lead  is  very  much  employed  in  the  arts 
arte  and  in  as  a  white  paint.  In  pharmacy,  it  is  used  in  the  compositioD 
m    erne.    ^£  ^^j^^q  plasters  and  ointments,  which  are  supposed  to  be 

efficacious  as  drying  applications. 

VIII.  Chromate  of  Lead.^^When  the  solutions  of  nitrate 
of  lead  and  chromate  of  potash  or  of  soda  are  miied  to- 
gether, this  salt  precipitates  in  the  form  of  a  powder.  It  con- 
stitutes a  very  important  yellow  pigment,  under  the  name 
of  chromic  yellow.  It  is  manufactured  in  the  United  States 
by  decomposing  the  native  chromate  of  iron,  by  means  of 
potash,  and  precipitating  the  chromate  of  potash,  thereby 
formed,  by  means  of  nitrate  of  lead.  Chromate  of  lead 
occurs  native  under  the  name  of  the  red  lead  ore  of  Siberia. 
In  this  state,  it  is  in  the  form  of  crystals  of  a  red  colour, 
with  a  shade  of  yellow. 

IX.  Hydrojluate  of  Lead. — Usual  chemical  name,  Fhiait 
of  Z^rt^.— Hydrofluoric  acid  has  no  sensible  action  upon 
lead.  Hence  vessels  of  lead  are  generally  used  lo  contain 
this  acid,  instead  of  glass  ones,  which'  are  corroded  by  its 
action.  This  salt,  however,  may  be  formed  by  dropping  hy- 
drofluoric acid  into  acetate  of  lead.  It  is  in  the  form  of 
brilliant  plates,  which  arc  insoluble  in  water,  but  dissolve 
in  nitric,  hydrochloric  and  hydrofluoric  acids.  When  hcit- 
ed  to  redness,  it  melts,  becomes  yellow,  and  loses  a  portion 
of  its  acid. 


Chromate 
of  lead. 


Iljrdro- 
flvatc. 


SALTS  OF  OXIDISED  LEAD.  37^^ 

Acetic  acid  combines  in  two  proportions  with  protoxide  of  Cbav.  it. 
lead,  and  forms  acetate  and  subacetate  of  lead.  Protoxide 

X.  ACETATE  OF  LEAD.  t^\wo 

Syn.  Shikar  of  Lead. — Sugar  of  Satum.'^-Acetated  Cerutte.  aceutei. 

1.  There  are  two  processes  for  manufacturing  acetate  ofi.  Aceute 
lead.  One  consists  in  dissolving  carbonate  of  lead,  prepared  J^J^^. 
by  exposing  the  metal  to  the  fumes  of  vinegar,  or  the  semi-  pare£ 
vitrified  oxide  of  lead  (litharge),  in  acetic  acid,  and  evapo- 
rating the  solution  until  it  crystallizes.  The  other  method 

is  to  immerse  thin  plates  of  lead  in  acetic  acid;  and  as  those 
which  are  nearest  the  surface  become  incrusted  with  a  coat 
of  oxide,  to  place  them  near  the  bottom,  and  thereby  to 
bring  other  plates  to  the  surface,  to  be  incrusted  in  their 
turn.  These  plates  also  are  transferred  to  the  bottom;  and 
by  being  changed  in  this  manner  every  day,  the  whole  at 
last  become  dissolved.  The  solution  obtained  is  then  crys- 
tsdlized  by  evaporation. 

2.  Acetate  of  lead  is  in  the  form  of  white  needle-shaped  Its  proper' 
crystals,  which  have  a  glossy  appearance.  It  has  a  sweet  ^^' 
and  somewhat  astringent  taste.  Its  specific  gravity  is  2*345. 

It  dissolves  in  rather  less  than  four  times  its  weight  of  cold 
water,  and  in  a  somewhat  smaller  proportion  of  boiling 
water.  In  the  air,  it  undergoes  no  change.  It  is  affected  by 
the  light;  and  when  exposed  to  heat,  its  acid  is  entirely  de- 
composed. It  is  composed  of 

Acetic  acid  51— one  atom. 

Protoxide  of  lead    112— one  atom. 

Giving  163  for  the  number  represent- 
ing the  weight  of  its  atom. 

3.  This  «alt  constitutes  a  very  active  article  of  the  materia  Uses  in 
medica.   It  appears  to  exert  a  very  powerful  influence  over  n»«l>««»- 
hsmorrhagies  of  the  active  kind.   It  acts  in  many  alarming 
cases  of  this  nature  with  wonderful  promptitude.   When 

the  case  is  urgent  and  cannot  admit  of  delay,  the  salt  may 
be  given  in  doses  of  from  five  to  twenty  grains,  frequently 
repeated,  or  even  in  larger  quantities.  The  danger  of  its 
exhibition,  in  large  doses,  appears  to  have  been  ver)'  much 
overrated.  It  is  in  very  general  use  as  an  external  applica- 
tion to  abate*  inflammation.  It  is  applied  in  solution  by 
cloths  or  by  means  of  crumbs  of  bread,  or  in  substance, 
combined  with  cerate  in  the  form  of  an  ointment,  formerly 
called  saturnine  ointment. 

XI.  SUBACETATE  OP  LEAD. 

1.  This  salt  may  be  formed  by  boiling  together,  in  water,  100  2.  Subtoc- 
parts  of  acetate  of  lead,  and  i50  parts  of  dry  semi- vitrified  ^•^  °^* 
oxide  of  lead  (litharge),  deprived  of  its  carbonic  acid.  It  is  in 

3  B 
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Book  L    the  form  of  crystalline  plates.  It  is  not  so  swett  ts  the  acetate, 
DmiioD  It  or  so  soluble  in  water.  The  preparation,  formed  by  boiling 
acetic  acid  (distilled  vinegar)  upon  semi-vitrified  oxide  of 
lead  as  long  as  the  latter  is  dissolved,  is  a  solution  of  sub- 
acetate  of  lead.  It  was  first  made  by  Goulard,  a  surgeon  of 
Montpelier,  and  recommended  by  him  as  an  excellent  ap- 
plication in  inflammation.  It  was  formerly  distinguished  iff 
the  tame    the  names  of  Goulard* s  extract j  and  vinegar  of  lead;  aad 
ur^       is  the  same  with   the  water  of  acetated  litharge  of  the 
inct^'    London  college.  When  formed  into  a  cerate  with  yeDov 
)eM].  wax  and  olive  oil,  with  the  addition  of  a  litde  camphor,  it 

constitutes  the  preparation  well  known  by  the  name  of 
Goulard's  cerate,  the  compound  cerate  of  acetated  Btharp 
of  the  London  college. 
Medioai         2.  Subacetate  of  lead  had  once  considerable  reputation  ai 
*^''  an  abater  of  inflammation;  but,  at  the  present  day^  it  is  noC 

considered  to  possess  any  advantages  over  the  soludon  of 
the  simple  acetate,  as  an  application  in  such  cases. 

List  of  iftits  Of  the  remaining  salts  of  oxidized  lead,  there  ha^  beta 
u»A^ovdS^  more  or  less  examined  by  chemists,  the  sulphite,  seknate, 
ted.  tellurate,  nitrite,  borate,  phosphate,  nitrophosphate,  phos- 

phite, arseniate,  molybdate,  tungstate,  antimoniate,  aatino- 
nite,  sulphocyanate,  purpurate,  gaDate,  formate,  oanlale^ 
sorbate,  succinate,  tartrate,  potasso-tartrate,  benzoate,  sac- 
lactate,  citrate,  mellate,  malate,  lactate,  suberate  and  zumate; 
but  these  salts  are  not  of  sufficient  importance  to  be  noticed* 
The  rest  of  the  salts  of  oxidized  lead,  amounting  in  number 
to  27,  are  unknown. 

Genemi  The  salts  of  oxidized  lead  may  be  known  by  the  follow- 

properties  jng  properties  or  marks. 

of  oxidfzed       1*  A.  considerable  number  of  them  are  scarcely  soluble  in 

lead.  water,  without  an  excess  of  acid.  Those  which  are  soluble, 

form  solutions,  which  are  generally  colourless  and  transpa- 
rent. 

2.  They  have  all,  more  or  less,  a  sweet  taste,  accompanied 
with  a  degree  of  astringency. 

3.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
white  precipitate  in  their  solutions. 

4.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
black  precipitate. 
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SECTION  XXIII. 

SALTS  OF  OXIIHZED  TIN. 

Salts  of  Oxidized  Tin  are  combinationa  of  the  oxides  Saiti  of  ox- 

of  tin  with  the  different  acids.  «*?«^  ^n? 

vhaieom- 

Hydrochloric  acid  forms  a  distinct  salt  with  each  of  the^^^jj^ 

oxides  of  tin*  tin  fiumt 

I.  Hydrochlorate  ^  Tin.— Usual  chemical  name,  -^'^'^  V^.*l?'^ 
qf  Tm.— When  tin  is  dissolved  in  four  times  its  weight  of  diioiie 
hydrochloric   acid,   the   brownish-yellow  solution   formed  "^^ 
jrields,  upon  evaporation,  this  salt  in  needle-shaped  crj's- eidonteof 
tals,  which  are  soluble  in  water,  and  somewhat  deliquescent  tin. 

in  the  air.  When  treated  with  water,  it  is  converted  into  a 
subsalt  which  precipitates,  and  a  supersalt  which  remains  in 
solution.  When  evaporated  to  dryness  and  afterwards  fused 
in  close  vessels,  water  becomes  formed,  and  the  salt  is  con- 
verted into  protochloride  of  tin. 

II.  Perhydrochlorate  of  Tin.— Usual  chemical  name,  2.  Perhy. 
JPemiuriate  of  Tin.— The  hydrochlorate  is  very  liable  to^i^Wo- 
be  converted  into  this  salt.  It  abstracts  an  atom  of  oxygen  ^^ 
from  a  great  number  of  bodies  containing  this  supporter, 

and  thereby  has  its  protoxide  converted  into  peroxide. 
This  change  is  produced  by  the  contact  of  air,  and  by  the 
addition  of  nitric  acid.  It  is  effected  also  by  arsenious  and 
arsenic  acid,  which  become  reduced  to  the  metallic  state. 
When  molybdic  or  tungstic  acid  is  dropped  into  a  solution 
of  the  simple  hydrochlorate,  the  former  becomes  converted 
into  molybdous  acid,  and  the  latter,  into  oxide  of  tungsten. 
The  persalts  of  oxidized  iron  and  of  copper  are  reduced  to 
protosalts,  by  being  added  to  the  same  solution;  while, 
under  the  same  circumstances,  antimonious  acid,  the  oxide 
of  zinc  and  silver,  and  the  peroxide  of  mercury  and  man- 
ganese, are  reduced  to  the  metallic  state. 

In  all  the  chemical  changes  just  enumerated,  there  is 
formed  a  perhydrochlorate  of  tin.  This  salt  is  an  important 
agent  in  the  production  of  the  scarlet  dye.  When  concen- 
trated, and  distilled  with  sulphuric  acid  by  means  of  a^ 
gentle  heat,  it  is  converted  into  perchloride  of  tin  (fuming 
liquor  of  Libavius). 

Sulphuric  acid  forms  a  distinct  salt  with  each  of  the  oxides  Oxidised 

III.  Sulphate  of  Tin.— This  salt   may  be  formed  by  ^iih  sui- 
pouring  sulphuric  acid  into  hydrochlorate  of  tin.   It  is  in  phurio  acid, 
the  form  of  a  white  powder,  which  may  be  crystallized  by 
solution  and  evaporation. 


t        rr.  Pr^r^*^cu  sf  Trb— -Sulphnric  add,  when  cold,  has 
^  ••'^   "•  * on  tin;  but  when  atgwtfd  by  beat,  it  first 


iim  "Twi  —        -^ -  .—  •.-  *  - 


^^  «.  J 


pcrmr:z£s  ths  wmtal^  aid  dicn  dissolres  it.  The  solutioa 
occs:3»r';2  caonx  be  made  id  ciystillize;  but  when  evaporat- 
c-<d«  n  irsscsKis  tbf  form  of  a  gdadnous  mass,  wluch  deposites 
a  vacie  po«der  when  peated  widi  water. 

X.^rjc  and  fomts  ooc  sak  with  protoxide  of  tin,  and  one 

dc  of  tin  and  ammonia. 
V.  \zTrzif  zf  Tvu — Nitric  acid  acts  with  great  eoergy 
dz:  a  cTcat  dtal  of  heat  is  erolTed,  and  the  metal 
^s  oxxhzed.  \%lien  nitric  acid,  of  the  specific  gnvhj 
ot  1*114.  is  ;>^.:r£d  upon  un»  a  reOow  coloured  solunoo  b 
ccea:;=»ri  cccsisdar  of  this  salu  If  water  be  added  to  this 
sct=:oac«  tbe  silt  becomes  decomposed,  and  protoxide  of 
ti=  r-rt-cn'::ftes  is  th:  form  of  a  powder.  During  the  sola- 
t>:)a  c!  iSf  :hi.  a  q-jandty  of  ammonia  is  formed.  Fron 
th:$  T>ct«  \\  :<  criient,  that  both  water  and  die  acid  lie  d^ 
CO  pce<<r>l,  and  ^-icld  oxrgxm  to  oudize  the  tin;  while  the 
h\drr>£vs  :>f  the  former,  br  combining  with  the  azote  of 
the  Utrer,  foncs  ammonia.  The  ammonia  may  be  nade 
sensible  by  its  od^ur,  upon  the  addition  of  potash  to  tk 


VI.  Ay^'^ziiZ'prrrdtTcte  cf  Tin. — ^When  nitric  acid|  of 
dte  5peci£c  gra%ity  ct  1*25 «  is  poured  up^n  tin,  a  vioknt 
actSon  takes  place,  the  metal  becomes  peroxidized,  txit 
d>i*  13c:  dissMvt.  Hence  there  is  no  pemicrate  of  tin.  Bat 
i  C--r::r\  ct  irmcrr.ia  bcccmrs  formed,  in  the  manner  just 
cxrl-TTi.  'wh:cr.  i*  c.ipablr  of  combining  with  nitric  acid 
ar^  r>trjx:ii'  ci  t:n,  so  as  to  form  the  triple  salt  here 
r:::ctr.  Whr-tv^r  nitric  acid  appears  to  dissolve  the 
rr  x:.:-:  ::'  ::n,  it  i?  by  the  assistance  of  ammonia,  and  the 
r:^./.:  :f  th:  :''m3::on  cf  th:s  trir»le  salt. 

*'^*'  >>       V 1 1 .  F.  '  . ■ .:"- :  -" :. ''-  'f  /":?i.^Usual  chemical name^ Fhiate 

""^  '  .'•*  /:■:, — Hv  -.r/d-c»r:c  aciJ  does  not  act  upon  metallic  thi. 

Tr-.s  5-.lu  hov.vcr,  nnav  be  formed  by  dissolving  peroxide 

ci  tic  in  rvdr:i;aoric  acid.  The  sol'ition«  by  evaporation, 

bKvCmts  opjque  from  the  precipitation  of  the  salt,  which 

mav  be  again  dissolved  by  the  addition  of  water. 

l:<  .X  !*>,$  Qf  the  rtmainirg  salts  of  oxidized  tin,  there  have  been 
^a^i-I^;^  nu-re  or  less  examined  by  chemists,  the  sulphite,  hydrosul- 
ph-uc*  seUnate.  borate,  phosphate,  arseniate,  sulphocyanate, 
purpuratc,  oxalate,  succinate,  acetate,  tartrate,  pousso-tar- 
trui\  benzoate  and  zumate:  but  these  salts  are  of  too  little 
ini-»onanco  to  br  rotictd-  The  rest  of  the  salts  of  oxidized 
:?n,  amounting  to  43,  are  unknown. 
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The  salts  of  oxidized  tin  may  be  known  by  the  following  Chap.  iv. 
properties  or  marks.  GenenJ 

1.  They  are  generally  soluble  in  water,  and  their  solutions  propertws 
have  usually  a  yellowish  or  brownish  tinge*  Sometimes,  ^^^iJ^ 
however,  thev  are  colourless*  tin. 

2*  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
white  precipitate  when  dropped  into  their  solutions* 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
brownish-black  precipitate  in  solutions  of  the  protosalts, 
and  a  golden  yellow  precipitate  in  solutions  of  the  per- 
aalts. 


SECTION  XXIV* 

SALTS  OF  OXIDIZRD  COPPER. 

Salts  of  Oxidized  Copper  are  combinations  of  the  per-Siiuofoii^ 
oxide  of  copper  with  the  different  acids.  The  protoxide  ^^zed  eop- 
of  copper  is  not  known  to  enter  into  the  composition  of  ^.^   ^ 
any  salt  as  a  base*    Hence  all  the  salts  to  be  enumerated  poandi. 
in  this  section  are  persalts*  The  following  are  the  most 
important  of  them* 

I*  Perchlorate  of  Copper •'^Vormtr  chemical  name,  jffy-  Perchio- 
peroxymuriate  of  Copper. — ^This  salt  may  be  formed  by"^®^®^ 
dissolving  peroxide  of  copper  in  chloric  acid.    It  has  a 
green  colour.  When  exposed  to  heat,  it  fuses  and  gives  out 
a  green  light.  It  cannot  be  crystallized  without  difficulty* 

II*  Perhydrochlorate  of  Copper. ^^Usxxal  chemical  name,  Perhydro- 
Muriate  of  Copper, — ^This  salt  may  be  formed  by  dissolving  cWortte. 
copper  in  hydrochloric  acid  assisted  by  heat,  or  its  per- 
oxide in  the  cold  acid.  The  solution  has  a  fine  green  colour, 
and  may  be  made  to  yield  crystals  by  concentration*  This 
«alt  has  a  fine  grass-green  colour,  and  an  exceedingly 
acrid  and  caustic  taste.  It  is  very  soluble  in  water.  By  ex- 
posure to  air,  it  attracts  moisture,  and  is  converted  into  an 
oil-like  liquid.  When  evaporated  to  dryness,  at  a  tempera- 
ture not  exceeding  400^,  it  is  converted  into  perchloride 
of  copper.  If  the  heat  be  further  increased,  a  portion  of 
chlorine  is  driven  off,  and  the  perchloride  becomes  convert- 
ed into  a  protochloride. 

The  compound,  first  formed  by  Proust,  and  heretofore 
considered  a  simple  hydrochlorate  (muriate)  of  copper,  turns 
out,  upon  further  examination,  to  be  a  protochloride  of 
copper. 
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Book  L    Sulphuric  acid  forms  three  salts  with  peroxide  of  copper, 
"OiMoaJL     and  two  salts  with  peroxide  of  copper  and  ammonia. 

J^^^f  ra.  BIPERSULPHATE  OP  COPPER. 

^  hto  (Commoa  namei,  VUriolated  Coppetr^Mue  TitrnL) 

phites.  I,  This  salt  is  very  seldom  formed  by  the  (Urect  combi- 

BoMMtTof  ^^^^^  ^^  ^^  constituents*  It  is  manufactured,  in  the  large 
copper.      way,  by  evaporating  and  crystallizing  mineral  waten^  eoo- 
taining  the  salt  in  solution;  or  by  burning  the  native  sul- 
phuret  of  copper,  or  moistening  it  with  water,  and  exposing 
it  to  the  air.  When  formed  by  the  latter  methods,  &  sul- 
phur becomes  acidified,  and  the  copper,  oxidized;  and,  hj 
their  combination  thus  altered,  they  form  the  salt  in  quesdon. 
PropertiM.      2.  Bipersulphate  of  copper  is  in  the  form   of  crystals, 
which  have  a  deep  blue  colour,  and  a  strong,  stypdc,  nl^ 
tallic  taste.  It  changes  vegetable  blues  to  red.  lu  speciic 
gravity  is  2*19.  It  is  soluble  in  about  four  parts  of  coU 
water,  and  in  one  and  a  half  parts  of  boiling  water.  Who  < 
exposed  to  the  air,  it  undergoes  a  slight  efflorescencei  anl 
its  surface  becomes  covered  widi  a  greenish-white  powder. 
When  heated,  it  loses  its  water  of  crystallization,  which 
amounts  to  about  36  per  cent,  and  becomes  converted  into 
a  bluish-white  powder.  In  a  pretty  strong  heat,  its  acid  is 
entirely  driven  off,  and  peroxide  of  copper  remuos  behind> 
3.  It  is  composed  of 

Sulphuric  acid  80— two  atoms. 

Peroxide  of  copper  80 — one  atom. 

160 
Hence  it  is  evidently  a  bipersulphate. 
Uses  in  me-  4.  Bipersulphate  of  copper,  even  in  small  doses,  proves 
*""*•  powerfully  and  promptly  emetic.  But  its  internal  use,  ow- 
ing to  its  activity,  is  not  safe;  and  accordingly,  it  is  not 
much  employed.  Externally,  it  is  used,  as  an  escharotic, 
to  destroy  warts  and  fungous  excrescences;  and  as  a  stimo- 
lating  application  to  indolent  and  ill-conditioned  ulcers. 

2.  Peraui-        IV.  Persulphate  of  Copper. — This  salt  resembles  very 
^  *^^*        much  the  one  last  described.  It  is  formed  by  saturatiog 

the  extra  atom  of  acid,  contained  in  the  bipersulphate,  with 
peroxide  of  copper. 

3.  Subper.       V.  Subpersulphate  of  Copper. — When  a  solution  of  purt 
^  *        potash  is  poured  into  a  solution  of  the  persulphate  of  cop- 
per, the  potash  abstracts  a  portion  of  sulphuric  acid  from 
the  persulphate,  and  this  salt  appears  in  the  form  of  a  green 
powder,  which  swims  on  the  surface  of  the  solution. 

4.  Ammo-       VI.  Ammonio-per sulphate  of  Copper. — ^This  salt  has  been 
ph*tc"  '  formed  by  Berztlius.  It  is  a  compound  of  one  atom  of 

sulphate  of  ammonia,  and  one  atom  of  persulphate  of  copper* 


SALTS  OP  OXlDinD  COPPEB.  ^^ 

TIL  AMMONIOSUBPEBSULPHATB  OP  CX>PPElt  C«a>. !▼. 

(Formerly  oftUed«  AmmtnUacal  Copper,) 

!•  This  triple  salt  may  be  formed  by  pouring  ammonia  s.  Ammo- 
ialD  a  solution  of  bipersulphate  of  copper  (blue  vitriol),  and  ^lljll^^'^' 
afterwards  adding  alcohol  (pure  spirit  of  wine)  to  the  blue 
liqiud   obtained.    The  alcohol  has  a  stronger  affinity  for 
water  than  the  triple  salt  has,  which  is  in  solution;  hence  the 
latter  separates  in  the  form  of  blue  silky  crystals* 

%•  It  is  prepared,  by  the  apothecaries,  by  rubbing  together, 
wl  a  mortar,  until  all  effervescence  ceases,  a  mixture  of  bi- 
persulphate of  copper  (blue  vitriol)  and  carbonate  of  am- 
moma.  The  mixture  becomes  moist,  in  consequence  of  the 
triple  salt  formed  containing  less  water  of  crystallization 
dian  its  constituents  in  a  separate  state.  It  is  then  dried 
lad  preserved  in  well  stopt  vials.  As  it  is  liable  to  partial 
decomposition  during  its  exsiccation,  it  is  much  preteraUe 
to  prepare  the  sak  by  the  method  given  in  the  foregoing 
piragraph. 

S*  Tlus  salt  has  been  used  in  the  treatment  of  epilepsy.  Medieai 
Bat  its  doubtful  efficacy,  and  the  disagreeable  effects,  which  ^''^* 
k  tomctines  produces,  have  been  the  cause  of  its  being  in 
a  mat  measure  laid  aside.  The  dose  is  about  half  a  grain, 
cinibited  twice  a-day,  and  gradually  increased. 

Nitric  acid  combines  in  two  proportions  with  peroxide  of  Perasideof 


copper,  and  forms  pemitrate  and  subpemitrate  of  copper.  «opp«i* 

VIII.  Pemitrate  of  Copper. '^TYiis  salt  may  be  formed  m™  with 
by  disscdving  copper  in  nitric  acid,  and  slowly  evaporating  ^^«  *^' 
the  scdution  until  it  crystallizes.  The  solution  is  attended 

with  effervescence,  owing  to  the  emission  of  deutoxide  of 
axote  (nitrous  gas).  This  salt  is  in  the  form  of  crystals, 
which  have  a  fine  blue  colour,  and  an  acrid  and  metallic 
taste.  It  is  exceedingly  caustic,  and  acts  upon  the  skin  with 
great  energy.  It  is  very  soluble  in  water,  and  deliquescent 
hi  die  air.  At  a  heat,  not  exceeding  100^,  it  undergoes  the 
watery  fusion;  and,  if  the  temperature  be  increased,  loses  its 
water,  and  ultimately  a  part  of  its  acid.  It  acts  with  great 
energy  upon  tin;  and  if  a  portion  of  it  be  moistened  with 
water  and  wrapt  up  in  a  sheet  of  tinfoil,  a  strong  heat  is 
prodoced,  a  quantity  of  deutoxide  of  azote  is  quickly  form- 
ed, and  the  tinfoil  bursts  open  and  in  many  cases  catches 
fire*  It  is  composed  of 

Nitric  acid  54^-one  atom. 

Peroxide  of  copper  80— one  atom. 
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IX.  Subfermtrate  of  Copper. — ^When  a  solution  of  potash 
it  poured  mto  a  solution  of  penutrate  of  copper,  but  not 


ofkA  8AIjT8« 

Book  I.  in  sufficient  quantity  to  decompose  Ae  dissolved  salt  com- 
DiTiwm  IL  pletely,  part  of  its  acid  is  abstracted^  and  a  supemicratc  ap- 
""*"""""  pears  in  the  form  of  a  precipiute,  which  b  at  first  bloc, 
but  becomes  green  by  agitation. 

Perearbo-  X.  Percarbotiate  of  Copper.^^This  salt  may  be  formed  by 
Mte  of  cop.  precipitating  a  solution  of  pcmitrate  of  copper,  by  a  solution 
of  carbonate  of  potash  or  of  soda*  It  has  a  fine  apple-green 
colour.  It  occurs  native  under  the  various  names  of  aiaU- 
chite,  blue  copper  ore,  and  anhydrous  carbonate,  according 
as  it  is  modified  by  the  presence  or  absence  of  water. 

XI.  Perarseniate  of  Co/»/>er.— Several  varieties  of  this 
salt  have  been  found  in  the  copper  mines  of  Cornwall  in 
England. 
Pertncnite  XII.  Ptrarsetiite  of  Copper •'^^cheele^s  Gw».— This  salt 
of«>PP«|*»,  maybe  obtained  by  the  following  process:  Form  two  so- 
^e^,^  *  *  lutions;  one  by  dissolving  two  parts  of  bipersulphate  of 
copper  (blue  vitriol)  in  forty-four  parts  of  water;  and  ihc 
other  by  dissolving,  in  the  same  quantity  of  water  widi 
the  assistance  of  heat,  two  parts  of  common  carbonate  of 
potash  (potash  of  commerce)  and  one  part  of  arsenious 
acid  (white  oxide  of  arsenic).  The  latter  solution  will  con- 
tain an  arsenite  of  potash.  Add  gradually  the  solution  of 
the  bipersulphate,  while  hot,  to  the  solution  of  the  arsenite, 
stirring  the  whole  frequently.  The  mixture  upon  standing, 
gradually  deposites  a  fine  green  powder,  which,  after  being 
well  washed  and  dried,  constitutes  the  perarsenite  of  copper. 
XIII.  Per  hydrojiuate  of  Copper. — Hydrofluoric  acid  does 
not  act  upon  copper.  This  salt,  however,  may  be  formed  by 
dissolving  peroxide  of  copper  in  an  excess  of  hydrofiuoric 
acid.  The  solution,  upon  evaporation,  deposites  the  salt  in 
the  form  of  small  blue  crystals. 

XIV.  PERACETATE  OF  COPPER, 

Peracetate       !•  Acetic  acid  acts    upon    copper  very  slowly  in  open 
of  copper,   vessels,  and  exerts  no  action  upon  it  in  close  ones.  This 

how  obtain-      ,,  ,  i*ir  iii-i* 

ed.  salt,  however,  may  be  readily  lormed  by  dissolvmg  per- 

oxide of  copper  in  acetic  acid. 
Verdigris;        2.  Verdigris  of  commerce  appears  to  be  a  mixture  of 
ai>  impure   peracetate  and  subperacetate  of  copper.  But  its  composition 
peraceute.  j^  ^^^  invariable;  and  it  very  frequently  contains  a  pretty 
PrepanitioD  large  proportion  of  percarbonate  of  copper.  Verdigris  is 
®'^'*"'*  commonly  prepared  by  exposing  plates  of  copper  to  the 
fumes  of  vinegar.  In  France,  it  is  usually  made  by  strati- 
fying, in  earthen  pots,  plates  of  copper  with  vine-stalks;  the 
latter  having  previously  undergone  the  acetous  fermenta- 
tion by  being  immersed  in  wine  for  a  sufficient  time.  After 
the  metallic  plates  have  remained  in  this  situation  for  fron^ 
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ten  to  twenty  days,  they  are  taken  out  of  the  earthen  pots,  Ciu».  rv. 
and  placed  on  their  edgrs  in  cellars,  with  their  surfaces  in  ' 

contact;  and  during  the  course  of  seven  or  eight  days,  they 
are  alternately  dipped  in  water,  and  allowed  to  dry,  for  six 
or  eight  times  during  each  day.  They  are  then  found  to 
have  swelled,'  and  to  be  every  where  covered  with  a  coat  of 
verdigris.  The  verdigris  may  be  easily  scraped  off  with  a 
knife,  and  is  now  in  the  state  of  a  paste*  It  is  afterwards 
beaten  well  with  wooden  mallets,  and  then  packed  in  bags 
of  white  leather,  in  which  it  is  dried  by  exposure  to  the  air 
and  sun.  Verdigris,  when  good,  is  of  a  bluish-green  colour.  Its  proper^ 
difficult  to  break,  and  free  from  black  or  white  spots;  it^^^ 
shoidd  not  be  deliquescent  nor  have  a  salt  taste. 

3.  Peracetate  of  copper,  when  pure,  is  in  the  form  of  Propertiet 
crystals  of  a  bluish-green  colour.  Its  taste  is  disagreeably  ^^***JJ2JJ 
metallic.  It  is  but  sparingly  soluble  in  water.  In  the  air,  it 
suffers  efflorescence.  It  is  frequently  used  in  dyeing.  The 
impure  peracetate  (verdigris)  is  very  much  employed  in  the 
f<M'mation  of  green  paints. 

4.  Verdigris  is  very  seldom  used  internally  as  a  medicine;  Uietiniiic^ 
and  when  so  employed,  it  acts  as  an  emetic.  Its  external  ^^'^^ 
use  is  much  more  common.  Dissolved  in  vinegar  and  after- 
wards mixed  with  honey,  it  forms  the  oxymel  of  verdigris, 
which  is  sometimes  used  to  cleanse  ulcers,  more  especi- 
ally such  as  are  venereal  and  are  situated  in  the  mouth  and 
throat.  But  its  use  for  the  latter  purpose  is  not  convenient; 

as  part  of  the  preparation  is  liable  to  pass  into  the  stomach, 
and  thereby  produce  unpleasant  constrquences.  When  nnix- 
cd  with  some  mild  ointment,  it  forms  a  gently  escharotic 
application,  which  is  well  suited  to  particular  states  of  ex- 
ternal ulcers. 

Of  the  remaining  salts  of  oxidized  copper,  there  haveSiiitsoroz. 
been  more  or  less  examined  by  chemists,  the  potasso-sul-  '„  "**^^" 
phate,  sulphite,  potasso-sulphite,  selenate,  tellurate,  nitrate,  ted.' 
borate,   phosphate,  chromate,   molybdate,  tungstate,    anti- 
moniate,    antimonite,   sulphocvanate,    purpurate,    formate, 
oxalate,    ammonio-oxalate,    potasso-oxalate,   soda-oxalate, 
sorbate,  succinate,  tartrate,  potasso-tartrate,  benzoate,  sac- 
lact&te,  citrate,  mellate,  lactate,  suberate  and  zumate;  but 
these  salts  are  of  too  little  importance  to  be  noticed.  The 
rest  of  the  salts  of  oxidized  copper,  amounting  to  29,  are 
unknown. 

The  salts  of  oxidized  copper  may  be  distinguished  by  Their  gen- 
the  following  properties  or  marks.  SBrtiei!*' 

1.  They  are  almost  all  soluble  in  water,  and  their  solu- 
tions are  either  blue  or  green. 

3G 
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BocvK  L       2.  Their  solutions  are  chamged  to  a  deep-blue  colour  hy 
Divuionll.  |iie  addition  of  ammonia. 

3.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
red  precipitate  when  poured  into  their  solutions. 

4.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
black  precipitate. 

5.  A  plate  of  polished  iron,  by  being  plunged  into  their 
solutions,  becomes  covered  with  a  coat  of  metallic  copper. 


SECTION  XXV. 

SALTS  OF  OXIDIZED  BISMUTH. 

SaitioTozi. Salts  of  Oxidized  Bismuth  are  combinations  of  die 
<'^'^*:  oxide  of  bismuth  with  the  different  acids.  Only  four  of 
oompoundi.     these  salts  will  be  described. 

Uydroehio-  I.  Hydrochlorate  of  AitfmuM.— Usual  chemical  naflM} 
Suthf  ^^  Muriate  of  Ai^mt^M.— Hydrochloric  acid,  while  cold,  his 
scarcely  any  action  upon  bismuth;  but  when  mixed  with 
nitric  acid,  it  is  capable  of  dissolving  the  metal.  The  solutioB 
formed,  upon  evaporation,  yields  this  salt  in  small  ciystab. 
II.  Sulphate  o/*jBMmt/M.— Sulphuric  acid  acts  upon  bis- 
muth by  the  assistance  of  heat,  and  converts  the  metal  into 
a  white  powder.  The  sulphate  formed,  when  treated  with 
water,  is  divided  into  a  supersulphate  and  a  subsulphate 
of  bismuth. 

Oxidized     Nitric  acid  combines  in  two  proportions  with  the  oxide  of 
forms  two        bismuth,  and  forms  nitrate  and  subnitrate  of  bismuth. 
salts  with         III.  Nitrate  of  Bismuth,''^N\iric  acid,  when  concentrated, 
uitncacid.  ^^^  vr'nh  great  violence  upon  bismuth,  and  converts  it  into 
'    '    '^  a  white  powder.  When  diluted,  it  converts  the  metal  into 
the  same  white  powder,  which  becomes  dissolved  as  soon 
as  formed.  This  salt  is  deposited,  from  the  solution,  in  the 
form  of  white  crystals,  which,  upon  exposure  to  air,  at» 
tract  a  little  moisture,  and  become  covered  with  a  white 
crust  of  hydrated  oxide.  On  burning  coals,  they  detonate 
feebly,  and  a  yellow  powder  remains  behind,  not  easily  redu- 
ced to  the  metallic  state. 

IV.  SUBNITRATE  OF  BISMUTH. 

(Fonoaerly  called,  J^lagiatery  of  Bigtnuth,) 

2.  Sabni-         1.  When  the  nitrate  of  bismuth  in  crystals,  or*the  nitric 
trite.         solution   of  bismuth  is  treated  with  water,  this  liquid  ab- 
stracts a  portion  of  acid  from  the  neutral  salt,  and  a  sub- 
nitrate  of  bismuth  precipitates  in  the  form  of  a  white  foyf* 
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der.  When  the  nitric  solution  is  treated  with  chkyride  of  Cha>.  IV. 
Bodiam  (common' salt),  or  bitartrate  of  potash  (cream  of  '^ 

tartar)^  a  subnitrate  also  appears  to  be  formed.  When  thus 
prepared,  it  constitutes  the  paint,  called  pearl  or  flake  white, 
vhich  is  sometimes  used  to  give  the  skin  a  beautiful  white 
colour. 

2«  Of  late  years,  the  subnitrate  of  bismuth  has  been  intro-  Used  i* 
duced  into  practice,  and,  from  the  experience  already  had  in^^"'- 
of  it,  appears  to  be  well  entitled  to  the  attenuon  of  physi- 
cians. Its  medical  properties  are  those  of  a  tonic  and  anti- 
spasmodic. In  several  deranged  states  of  the  stomach,  as 
shown  in  violent  pain  or  spasms  in  this  organ,  and  in  some 
cases  of  dyspepsia,  it  has  been  foimd,  in  the  hands  of  several 
distinguished  practitioners  both  in  Europe  and  America,  a 
very  valuble  remedy.  Its  medium  dose  is  about  two  grains, 
given  twice  or  thrice  a*day.  In  severe  cases,  it  may  be  given 
in  doses  of  five  grains. 

Of  the  remaining  salts  of  oxidized  bismuth,  there  have  Saitt  of  end- 
been  noticed  by  chemists,  the  sulphite,  carbonate,  borate,  ^J^^[j^. 
phosphate,   arseniate,    molybdate,   sulphocyanate,  oxalate,  ted. 
succinate,  acetate,  tartrate,  and  benzoate;  but  these  salts  are 
not  of  sufficient  importance  to  be  described.  The  rest  of 
die  salts  of  oxidized  bismuth,  amounting  to  48,  are  un^ 
known* 

The  salts  of  oxidized  bismuth  may  be  recognised  by  the  Their  gen- 
foQowing  properties  or  marks.  pSticsT 

1.  Their  solutions  in  acids  are  usually  colourless;  but 
when  water  is  added  to  them,  a  white  precipitate  makes  its 
appearance. 

3.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  in 
their  solutions,  a  white  precipitate,  sometimes  with  a  shade 
of  yellow. 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
dark-brown  precipitate. 


SECTION  XXVI. 

SALTS  OF  OXIDIZED  MERCURY. 

Salts  of  Oxidized  Mercury  are  combinations  of  theSaitoofox. 
oxides  of  mercury  with  the  diflFercnt  acids.  The  follow-  ^Jj^^'J^ 
ing  are  the  most  important  of  these  salts.  eompoandf. 

Chloric  acid  forms  a  distinct  salt  with  each  of  the  oxides  mereorr 
of  mercury. 
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Book  I.  '  I.  Chlorate  of  Mercury.^-^Whtn  cMoric  tcid  is  poured 
Diftrion  n.  upon  protoxide  o\  mercury,  the  latter  becomes  dissolved; 
formi  two  and,  as  the  solution  proceeds,  this  salt  precipitates  in  the 
■aiuwiUi  form  of  yellowish  grains.  It  is  but  sparingly  soluble  in 
^^^  water,  and  has  a  metallic  taste.  When  heated,  it  detonates 
and  gives  out  oxygen,  being  converted  into  perchloridc  of 
mercury  (corrosive  sublimatf). 

II.  Perchlorate  of  iWSrrcwry.— Former  chemical  name, 
Hijperoxymurtate  of  Mercury, ^^This  salt  may  be  formed 
by  dissolving  peroxide  of  mercury  in  chloric  acid«  It  always 
contains  an  excess  of  acid.  It  is  pretty  soluble  in  water, 
and  has  a  strong  taste,  resembling  that  of  perchloride  of 
mercury  ^corrosive  sublimate).  When  heated  in  a  glass 
tube.  It  yields  a  considerable  quantity  of  oxygen;  and  a 
yellow  matter  remains  behind,  which  appears  to  be  a  mix- 
ture of  peroxide  of  mercury,  and  the  two  chlorides  of 
this  metal  (calomel  and  corrosive  sublimate). 

HydrocUo-     III,  Hydrochlorate  of  Mercury. — Hydrochloric  fmuria- 
f^uiT     tic)  acid  does  not  appear  capable  of  combining  with  die 
doM  not     oxides  of  mercury.   When  the  attempt  is  made  to  produce 
^'"^         this  union,  a  double  decomposition  takes  place;  the  hydro* 
gen  of  the  acid  combines  with  the  oxygen  of  the  oxide, 
and  forms  water;  while  the  chlorine  of  the  former  unites 
with  the  metallic  mercurv,   and  forms  a  chloride.  The 
compounds,  formerly  considered  to  be  muriates  (hydro- 
chlorates),    under   the   names   of  calomel    and    corrosive 
sublimate,  are  now  found  to  be  chlorides  of  mercury.  They 
have  been  already  described  under  the  head  of  mercury. 

Oxidized     Sulphuric  acid  combines  in  two  proportions  with  protoxide 
fowMfmir       ^^  mercury,  and   forms  sulphate   and   supersulphate  of 
talu  with         mercurv;  and  in  two  proportions  also  with  the  peroxide, 
aaiphune         forming  persulphate  and  superpersulphate  of  mercury. 
The  salt  of  each  oxide,  with  excess  of  acid,  will  be  des- 
cribed before  the  neutral  salt. 
1.  Bapcr-         IV.  Supersulphate  of  Mercury. ^^Wh^n  sulphuric  acid  is 
sulphate  of  IjqII^^  Upon  mercury,  and  the  process  stopped  before  the 
whole  of  the  acid  is  driven  off  by  evaporation,  this  salt  is 
obtained  in  the  form  of  a  white  mass,  capable  of  reddening 
vegetable  blues,  possessing  an  acrid  taste,  and  of  different 
degrees  of  solubility,  according  to  the  proportional  excess 
of  acid  which  it  may  contain. 
«.  Sulphate.      V.  Sulphate  of  Mercury. — This  salt  may  be  obtained  by 
repeatedly  washing  the  salt,  last  described,  in  small  por« 
tions  of  water.  The  excess  of  acid,  which  it  contains,  if 
thereby  separated,  and  it  becomes  reduced  to  the  neutral 
state.    It  may  be  formed   also   by  boiling  sulphuric  acid, 
diluted  with  its  own  weight  of  water,  upon  mercury.  A 
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aolotum  is  formed,  which,  by  proper  evaporation,  may  be  Cbap.iv. 
made  to  yield  the  salt  in  white  crystals*  It  is  not  altered  by  • 

exposure  to  air,  but  becomes  decomposed  by  heat.  It  is 
soluble,  without  decomposition,  in  500  parts  of  cold  water, 
and  in  about  287  parts  of  boiling  water. 

VI,  Superperaulphate  of  Mercury, '^U  the  process  by  which  3.  Super- 
the  supcrsulphatt  is  formed  be  not  discontinued  while  there  S^' 
yet  remains  an  excess  of  acid,  but  thi:  heat  be  kept  up;  part. 
of  the  acid  in  excess  is  gradually  decomposed,  (sulphurous 
acid  being  disengaged},  the  protoxide  of  mercury  combines 
with  an  additional  atom  of  oxygen,  and  there  results  a 
salt^  containing  the  peroxide  with  excess  of  acid.  This  salt 
appears  to  vary  in  the  proportional  excess  of  acid,  which  it 
may  contain.  When  obtained  at  once  in  the  form  of  a  dry 
mass,  it  has  a  fine  white  colour,  and  is  somewhat  deliques- 
cent. It  contains  considerably  more  than  one  atom  of  acid, 
united  to  an  atom  of  base. 

VII.  PERSULPHATE  OP  MERCURY. 

(Teilvw  Subtulphate  of  Mercury,  of  the  Edinbargh  college.— Formerlj  ealled 

Turpeth  Mineral) 

!•  When  the  salt  last  described  is  treated  with  water,  the  4.  Penal- 
excess  of  acid  which  it  contains  is  washed  off,  and  a  neutral  ^^^^^i^ 
persulphate  remains  behind.  mSenS. 

2.  This  salt  is  directed  by  the  Edinburgh  college  to  be  ^■'^^i^' 
prepared  by  boiling,  to  dr}  ness,  three  parts  of  sulphuric  ^1^?^' 
acid  upon  two  parts  of  mercury;  and  throwing  the  white 

mass  formed,  previously  pulverized,  into  boiling  water.  A 
powder  immediately  appears,  which  consists  of  the  salt  in 
question. 

3.  It  is  generally  supposed,  that  the  treatment  of  the  su- 
perpersulphate  of  mercury  uith  water,  separates  this  salt 
into  a  supersalt  remaining  in  solution,  and  a  subsalt,  which 
precipitates;  and  consequently  that  the  turpeth  mineral  is 
a  salt  with  excess  of  base.  But  it  has  been  correctly  as- 
certuned,  that  the  salt,  from  which  the  turpeth  mineral  is 
precipitated,  is  already  a  supersalt;  and  that  the  effect  of  the 
treatment  with  water  is  merely  to  wash  off  the  excess  of 
acid,  which  it  contains;  whereby  it  becomes  converted  to 
the  state  of  a  neutral  salt,  which,  being  insoluble,  appears 
in  the  form  of  a  precipitate. 

4.  Persulphate  of  mercury,  or  turpeth  mineral,  has  a  lu  proper* 
bright  yellow  colour,  and  a  somewhat  acrid  taste*   It  is^^- 
soluble  in  2000  parts  of  cold  water,  and  in  600  parts  of 
boiling  water.  Its  specific  gravity  is  6*44.  It  is  composed  of 

Sulphuric  acid  40— one  atom. 

Peroxide  of  mercury      216— -one  atom. 
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Book  I.  5.  This  salt  constitutes  a  very  active  artick  of  the  matem 
Divwwmll.  medica,  and  is  too  much  neglected  by  practitioners  in  tk 
Foimian  Uniicd  States.  Its  most  prominent  virtue  is  its  strati 
•odve  me-  emetic  property;  which,  considered  in  connection  widli  in 
mercurial  nature,  would  naturally  lead,  a  priori,  to  the  l»- 
lief,  that  it  is  a  preparation  of  great  activity.  When  exhibit- 
ed  with  a  view  to  its  emetic  effect,  it  occasionally  produces! 
salivation,  unless  this  event  is  guarded  against  by  the  ue 
of  purgatives.  It  is  said  to  be  useful  in  swellings  of  thciet* 
tide  from  a  venereal  cause,  and  may  be  presumed,  in  suck 
cases,  to  act  both  by  its  emetic  and  antisyphilitic  powers.  It 
has  been  employed  also,  with  success,  in  inveterate  dis- 
eases of  the  skin,  and  in  obstinate  glandular  obstructions. 
When  mixed  with  the  powder  of  liquorice  root,  snuff,  or 
some  similar  substance,  it  forms  a  very  convenient  enUnCb 
In  sm  tU  doses  of  one  or  two  grains,  it  acts  as  an  alierative. 
Its  dose,  when  exhibited  with  a  view  to  its  emedc  property, 
is  from  two  to  eight  grains. 

Oxidized     Nitric  acid  is  capable  of  combining  with  protoxide  of  mer* 
??T^7»^      cury,  with  protoxide  of  mercury  and  ammonia,  or  with 

enters  into  ''.j        J^  ,         J .  ,.        .'r 

three  oi-        peroxidc  oi  mcrcury;  and,  m  each  combmation,  forms  a 
*"<«*•  distinct  salt. 

1.  mtrate       VIII.  Nitrate  of  ^rct/ry.— Nitric  acid,  without  the 
of  meremy.  assistance  of  heat,  is  capable  of  dissolving  very  nearly  its 

own  weight  of  mercury;  an  effervescence  takes  place,  owiDK 
to  the  emission  of  deutoxide  of  azote  (nitrous  gas),  and 
the  metal  becomes  protoxidized.  The  solution  obtained  is 
colourless,  very  heavy,  and  exceedingly  caustic.    It  tinges 
the  skin  and  almost  all  animal  substances,  of  an  indelible 
black  colour.  When  treated  with  water,  it  does  not  separate 
into  a  supersalt  and  a  subsalt.  By  spontaneous  evaporationi 
it  yields  transparent  crystals  of  the  nitrate.   When  this  salt 
is  placed  upon  burning  coals,  it  detonates  feebly,  emitting  a 
lively  white  flame.   When  mixed  with  a  little  phosphorus, 
and  struck  with  a  hot  hammer,  a  violent  detonation  takes 
place,  and  the  mercury  is  revived. 

IX.  SUBNITRATC  OF  MEKCURY-AND-AMMONIA. 
{Jlsh'Coloured  Oxide  ofMiercury  of  the  Edinbai^gh  college.) 

2.  \mmo-       ^'  This  salt  is  ordered  to  be  prepared  by  the  Edinburgh 
nio-subni.    College   by  the  following  process:  Dissolve  four  parts  of 

mercury  in  five  parts  of  diluted  nitrous  acid;  then  gra- 
dually add  fifteen  parts  of  water.  To  the  mixture,  thus 
formed,  add  water  of  carbonate  of  ammonia  as  long  as  any 
precipitate  appears.  The  precipitate,  after  being  separated, 
washed  and  dried,  constitutes  the  triple  salt  in  question. 
2.  This  salt  is  misnamed  an  oxide  by  the  Edinburgh 


trate. 
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K>llege«  The  solution  of  mercnry,  in  the  nitrous  acid  of  the  Chaf.iv. 
roUegcs,  ionns,  in  fact,  a  solution  of  nitrate  of  mercurj-;  for  — — 
licir  aitrous  acid  is  nitric  acid  holding  deutoxide  of  azote 
[nicrous  gas)  in  solution.  The  addition  of  the  water  of  car- 
xmate  of  ammonia  throws  down  a  subnitrate,  combined  with 
R  portion  of  ammonia. 

3.  Subnitrate  of  mercury-and-ammonia,  prepared  by  the  iVapenkt. 
process  just  given,  is  a  grey  powder.  It  docs  not  appear 
perfectly  homogeneous.  Acetic  acid  is  capable  of  dissolving 
aportion  of  it,  consisting  perhaps  of  protoxide  of  mercury. 

The  white  powder,  which  remains  behind,  may  be  consi- 
dered as  the  pure  subnitrate* 

4.  This  preparation  is  used,  as  a  substitute  for  the  protox-  Uteiinme- 
ide  of  mercury  prepared  by  trituration,  to  form  a  mercurial  ^^^ 
Dintment;  and  although  much  more  easily  prepared  than  the 
oxide,  it  does  not  appear  to  be  often  employed. 

X.  KERNITRATB  OF  MERCURY. 

!•  When  nitric  acid  is  made  to  act  upon  mercury  by  the  s.  Pemi- 
sasistaoce  of  heat,  a  large  quantity  of  deutoxide  of  azote  *"^' 
[nitrous  gas)  is  emitted,  and  the  metal  becomes  peroxidized 
sod  converted  into  a  yellow  crystalline  mass,  constituting 
this  nitrate.  This  salt  is  acrid  and  corrosive.  When  in  solu- 
doo  and  treated  with  cold  water,  it  is  divided  into  a  super- 
lak  which  remains  in  solution,  and  a  subsalt  which  precipi- 
tates in  the  form  of  a  white  powder.  If  the  water  with 
Brhich  the  salt  is  treated  be  hot,  the  same  division  of  it 
takes  place;  but  the  precipitated  portion,  instead  of  being 
irhite,  is  greefaish-yellow. 

2.  Pemitrate  of  mercury,  prepared  in  a  certain  way  with  Forms  ytU 
liog's  lard,  forms  the  valuable  ointment,  called  yellow,  or  *°en7^"tij 
citron-coloured  ointment.  The  following  is  the  method  pur-  hog's  Urd. 
<aed  by  the  colleges. 

[l.]  Dissolve  one  part  of  mercury  in  two  parts  of  nitrous 
acid  of  the  shops  by  digestion  in  a  sand  heat.  While  the 
solution,  thus  formed,  is  quite  hot,  add  twelve  parts  of 
hog's  lard,  previously  melted  by  itself,  and  just  beginning 
to  grow  stiff.  The  lard  must  then  be  mixed  intimately  with 
the  nitric  solution,  so  as  to  form  an  ointment.  What  is  called 
t))e  milder  yellow  ointment  is  prepared  in  the  same  manner, 
there  being  three  times  the  quantity  of  hog's  lard  employed. 

[2.]  The  yellow  ointment  is  an  active  preparation  of  mer-  Medical 
cury,  well  suited  as  an  application  to  herpes,  tinea  capitis,  °*^*^^7<^*- 
and  similar  obstinate  cutaneous  affections.  It  is  also  parti-  i^q^'"  ' 
cularly  efficacious  in  venereal  blotches,  and  ulcerations.  Its 
diief  inconvenience,  as  an  ointment,  is  its  tendency  to  be- 
come hard  and  pulverulent;  which  is  owing  to  the  excess  of 
acid  used  in  its  preparation.  This  objection  may  be  ob- 
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BnoKl.   viated  by  preparing  the  oiiitmeiit«  by  mixiiig  with  hog's 

PiviMon  II.  tar^i  ^hc  subpernitrate  of  mercury,  which  is  precipitated 

from  the  solution  of  the  pemitrate  by  the  additioii  of  hot 

water.  When  thus  formed,  it  continues  perfectly  soft,  evco 

for  six  months. 

Carbofiftte       XL  Carbonate  of  Mercury. — Carbonic  acid  does  not  act 
•fmereury.  upon  mercury;  but  when  a  carbonate  of  potash  or  of  soda  is 
dropped  into  a  solution  of  nitrate  of  mercury,  this  salt  ap- 
pears in  the  form  of  a  white  precipitate* 

XII    PERPHOSPHATE  OF  MERCURY. 

PerplKM-  1.  This  salt  may  be  formed  most  conveniently  by  mixing 
^*^'  together  solutions  of  phosphate  of  soda,  and  pemitrate  of 
-mercury.  A  double  decomposition  takes  place,  and  pcr- 
phosphate  of  mercury  becomes  precipitated. 
How  pre-  2.  It  is  directed  to  be  prepared  by  the  dispensatories  in 
^'ed^^*^  the  following  manner.  Calcined  bones  (phosphate  of  lime] 
ute.  are  decomposed  by  means  of  diluted  sulpharic  acid;  and, 

after  all  the  sulphate  of  lime  (gypsum)  formed  is  separated, 
the  remaining  superphosphate  is  saturated  with  pure  potuh. 
The  liquid  thus  obtained,  by  evaporation,  yields  crystab  of 
phosphate  of  potash.  This  salt  is  then  dissolved  in  water, 
and  decomposed  by  a  solution  of  pemitrate  of  merciuy*  A 
precipitate  immediately  appears,  which  must  be  completely 
washed  with  warm  water,  and  slowly  dried;  it  is  Don  pure 
perphosphate  of  mercury.  What  remains  in  solution,  after 
the  precipitate  is  separated,  is  nitrate  of  potash  (nitre). 
Properties.  3.  Perphosphate  of  mercury  is  in  the  form  of  a  white 
powder.  lis  specific  gravity  is  4"98.  When  rubbed  in  the 
dark,  it  phosphoresces.  By  distillation,  it  may  be  made  to 
yield  phosphorus. 
MedicAl  4<.  This  salt  has  of  late  years  been  introduced  into  the 

uses.  practice  of  medicine.    It  has  the   usual  properties  of  the 

mercurial  preparations  for  internal  use,  but  is  far  more  ac- 
tive. It  must,  therefore,  be  exhibited  with  great  caution, 
and  in  small  doses.  Even  in  doses  not  exceeding  half  a 
grain,  it  has  produced  violent  vomiting  and  ptyalism.  It  is 
said  to  be  preferable  to  all  other  preparations -of  mercury, 
in  certain  cases  of  the  venereal  disease,  occurring  in  patients 
of  torpid  and  insensible  fibres.  It  is  also  said  to  have  been 
found  useful  in  exostosis,  in  obstructions  of  the  lymphatic 
system,  and  in  chronic  complaints  of  the  skin. 

XIII.  Hydrojluate  of  il/rrrwrt/.— Hydrofluoric  (fluoric) 
acid  docs  not  act  upon  mercury;  but,  by  the  assistance  of 
heat,  it  is  capable  of  dissolving  its  peroxide.  The  solution, 
by  evaporation,  deposites  this  salt  in  small  yellow  cr\'stals. 
It  always  contains  an  excess  of  acid.  By  repeated  aflusioD5; 
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vmuSf  an  the  acid  may  be  washed  away,  leaving  scarcely  Ciap.iv. 
any  diing  behind  but  the  peroxide.  " 

XIV*  Hydrocyanate  of  Mercurum'-^ThiB  salt  does  not  ex-  Hydroeji- 
ist.  When  peroxide  of  mercury  is  heated  in  hydrocyanic  acid  '^^^'  ^ 
vapour,  a  violent  action  takes  place;  much  heat  is  evolved,  doatM 
and  the  compound  is  destroyed.  When  the  same  acid  vapour  ^^"^ 
is  brought  in  contact  with  the  peroxide,  it  becomes  absorb- 
ed; and  a  compound  is  formed,  which,  by  being  heated, 
gives  out  water  in  a  state  of  vapour,  and  is  converted  into 
the  substance  usually  called  prussiate  of  mercury.   This 
substance,  however,  is  in  reality  a  cyanodide  of  mercury; 
aince  the  water  which  appears  is  evidently  the  result  of  a 
mutual  decomposition  between  the  acid  vapour  and  ihe 
peroxide.    Now  a  similar  decomposition  is  supposed  to 
occur,  whenever  the  attempt  is  made  to  form   a  h)dro- 
cyanate.  Hence,  therefore,  the  compounds,  usually  called 
prussiates,  are  in  fact  cyanOdides. 

Acetic  acid  forms  a  distinct  salt  with  each  of  the  oxides  of  Oxidized 

mercury.  mercury 

XV.  ACETATE  OF  MKRCURT.  ttl^S?Virh 

1.  This  salt  may  be  prepared  by  mixing  together  the  so-  ••«|^«  »<^« 
lutions  of  nitrate  of  mercury  and  acetate  of  potash,  and  cf ncrMiy. 
aetting  the  mixtDre  aside  to  crystallize.  In  this  case,  a 
double  decomposition  takes  place,  which  results  in  the  for- 
mation of  acetate  of  mercur}'  and  nitrate  of  potash.  The 
former  being  much  less  soluble  than  the  latter,  enables  the 
operator  to  separate  it  by  crystallization. 

2.  Acetate  of  mercury  is  in  the  form  of  crystals,  possess- 
ing a  silver-white  colour,  and  an  acrid  taste.  It  is  but  spa- 
Hngly  soluble  in  cold  water,  but  dissolves  readily  in  boiling 
water. 

3.  This  acetate  is  sometimes  employed  in  medicine,  andUied'MiiM. 
lias  a  place  in  the  dispensatories.  It  is  highly  prohable,  that  ^™"J^^ 
it  claims  no  superiority  over  the  preparations  of  mercury  in 
common  use. 

XVI.  Peracetate  of  Mercury.^^V/hen  peroxide  of  mer-  «.  Peraee- 
cury  is  treated  with  acetic  acid,  it  is  dissolved;  and  the'*'®* 
solution,  when  evaporated  to  dryness,  forms  a  yellow  deli- 
quescent mass,  which,  when  treated  with  water,  divides  into 
a  supersalt  remaining  in  solution,  and  a  subsalt,  which  pre- 
cipttates. 

Of  the  remaining  salts  of  oxidized  mercury,  there  have  Saiu  of 
been  more  or  less  examined  by  chemists,  the  hydrosulphate,  oxidized 
selenate,  borate,  arseniate,  chroroate,  molybdate,  tungstate,  ^ut!eZ' 
sulphocyanate,  purpurate,  oxalate,  succinate,  tartrate,  po- 
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Book  I.   tftsso-taitrate,  benzoate,  sadactate,  citrate,  mellate,  malate, 
Diviaon  IL  lactate  and  zumate;  but  these  salts  are  of  too  little  im- 
portance to  be  noticed.  The  rest  of  the  salts  of  oxidized 
mercury,  amounting  in  number  to  37,  are  unknown. 

Their  ge-       The  salts  of  oxidized  mercury  may  be  distinguished  by 
"fJJj'P"^  the  following  properties  or  marks. 

1.  When  strongly  heated,  they  are  generally  volatilised. 

2.  Fcrrocyanate  of  potash,  dropped  into  their  solutions, 
occasions  a  whitish  precipitate,  which  becomes  yellow  npoa 
exposure  to  the  air. 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasimis  a 
black  precipitate. 

4.  When  a  plate  of  copper  is  placed  in  their  solutions, 
the  mercury  is  revived. 


SECTION  XXVII. 

SALTS  OF  OXIDIZED  SILVER. 

^toof  on- Salts  or  Oxidized  Silver  are  combinations  of  the  oxide 
***^  ?*        of  silver  with  the  different  acids.  The  followinp:  are  the 

▼cr,  what  .  •  ^  r    i_  j  ^ 

eompoQDdi.     most  important  of  these  compounds. 

Chlorate  of     I.  Chlorate  of  -S'i/v^r.— Former  chemical  name.  Hyper* 
•ilver.         oxy  muriate  of  Silver. — This  salt  maybe  formed  by  dissolv- 
ing oxide  of  silver  in  chloric  acid.  It  is  in  the  form  of  opaque 
cr}stals,  which  are  soluble  in  water. 
Hydpocliio-      II.  Hydrochlorate  of  Silver  does  not  exist.    When  the 
w^d^"^    attempt  is  made  to  form  this  salt,  water  and  chloride  of 
aot  exist    silver   (horn  silver)   become   formed.    This  chloride  was 
formerly  called  muriate  of  silver,  from  a  wrong  notion  of 
its  chemical  composition. 

III.  Jodate  of  Silver •'^When  the  solutions  of  nitrate  of 
silver  and  iodate  of  potash  are  mixed  together,  a  double  de- 
composition takes  place,  and  this  salt  falb  in  the  form  of  a 
precipitate. 

IV.  Sulphate  of  Silver, — Sulphuric  acid,  while  cold,  does 
not  act  upon  silver;  but  in  a  boiling  temperature,  it  attacks 
this  metal  when  reduced  to  the  state  of  powder,  the  action 
being  attended  by  the  extrication  of  sulphurous  acid  gas, 
and  converts  it  into  a  white  mass,  soluble  in  diluted  sulphu- 
ric acid.  This  solution  is  colourless,  and  yields,  upon  eva- 
poration, the  salt  in  question  in  the  form  of  brilliant  white 
crystals.  This  salt  is  but  sparingly  soluble  in  water.  It  dis- 
solves in  nitric  acid  without  decomposition.  When  heated, 
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it  first  melts,  and  afterwards  is  decomposed  hite  silver,  sul- CbaMV. 
phmx>us  acid  and  oxygen  gas*  ^' 

V.  NITRATE  OF  SILVEB. 

(Common  name,  Lunar  Caustic.) 

1.  Nitric  acid  acts  readily  upon  silver,  and  dissolves  Nitrate  of 
about  half  its  weight  of  this  metal.  The  solution  is  attended  jj*^*^*"*  ^^ 
by  effervescence,  owing  to  the  disengagement  of  deutoxide  tie. 

of  azote  (nitrous  gas).  The  nitric  acid  ought  to  be  perfectly 
pure.  If  it  contain  hydrochloric  (muriatic)  acid,  as  the  ni-  * 
trie  acid  of  commerce  always  does,  then  a  chloride  of  silver 
(horn  silver)  appears  in  the  form  of  a  white  insoluble  pow* 
den  It  is  by  means  of  a  solution  of  nitrate  of  silver,  that 
manufacturers  of  nitric  acid  are  enabled  to  separate  any 
hydrochloric  acid,  with  which  their  acid  may  be  mixed.  The 
nitric  solution  of  silver  is  colourless,  and  exceedingly  heavy 
and  caustic.  When  evaporated  until  a  pellicle  begins  to 
form  on  its  surface,  nitrate  of  silver  is  deposited  in  the 
form  of  brilliant  crystals. 

2.  The  colleges  direct  this  salt  to  be  formed  by  dissolv-  lu  prefM- 
mg  pure  silver  in  diluted  nitrous  acid  of  commerce,  and  ™^S^'' 
evaporating  the  solution  to  dryness.  The  dry  mass  is  next  use. 
exposed,  in  a  crucible,  to  a  heat  gradually  increased,  until 

it  melts  and  flows  like  oil.  It  is  then  poured  into  cylindrical 
iron  moulds,  which  are  previously  anointed  with  tallow, 
and  heated. 

3.  Nitrate  of  silver  is  soluble  in  its  own  weight  of  cold  Its  praptr- 
water.  It  is  not  deliquescent  in  the  air;  but  when  exposed  ^^' 

to  a  strong  light,  the  silver  is  in  part  deoxidized.  When 
heated,  it  melts,  and  when  cool,  it  forms  a  grey  coloured 
mass,  crystallized  internally  in  needles.  It  is  only  after  fu- 
sion, that  it  is  employed  in  medicine  and  surgery.  When 
exposed  to  a  red  heat,  or  placed  upon  burning  coals,  it 
detonates,  and  the  silver  is  revived.  It  has  the  property  of 
detonating  also,  when  mixed  with  phosphorus  and  struck 
with  a  hammer.  Most  of  the  metals,  particularly  mercury 
and  copper,  are  capable  of  precipitating  the  silver  from  its 
solution  in  the  metallic  state.  It  is  composed  of 
Nitric  acid  54— one  atom- 

Oxide  of  silver        1 1 8— -one  atom. 

172 

4.  Nitrate  of  silver  is  a  very  important  salt  in  the  hands  Useiinfoc- 
of  the  surgeon.  Its  property  of  decomposing  animal  sub-  S^TJ 
stances  renders  it  useful  in  removing  fungous  excrescences 

and  callous  edges  of  ulcers,  and  for  destroying  strictures 
of  the  urethra.  It  is  the  most  manageable  caustic  employed 
by  surgeons;  and,  for  the  purposes  just  enumerated  and 
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Book  I.   many  others,  no  other  cauatic  can  be  used  with  equal  ad- 
]^||][™2^^  vantage.  In  the  form  of  a  weak  solution^  it  it  a  good  sdmii- 

lating  application  to  indolent  ulcers, 
and  in  me-  it  has  been  employed  internally  for  the  cure  of  epilepsy, 
dieine.  and  some  other  diseases.  It  must  be  admitted  that  it  is  an 
active  substance;  but  how  far  it  may  be  suited  to  the  treat- 
ment  of  epilepsy,  requires  to  be  more  satisfactorily  ascer- 
tained. Its  dose  is  one-fourth  of  a  grain,  repeated  several 
times  a  day,  and  gradually  increased. 

Aneniteof  VI.  Ars  entte  of  Silver. — When  a  solution  of  nitrate  of 
dUer.  silver  is  dropped  into  a  solution  containing  arsentous  acid, 
this  salt  falls  in  the  form  oi  a  yellow  precipitate,  which  af- 
terwards becomes  of  a  brown  colour.  The  property,  which 
the  oxide  of  silver  possesses,  of  combining  with  arsenioos 
acid,  whenever  it  ro^ets  with  the  latter,  has  suggested  the 
employment  of  nitrate  of  silver  for  the  detection  of  this 
deleterious  substance. 

VII.  Hydrofluate  of  Silver. — Usual  chemical  name,  Fhiatt 
^«S'i/9er.— Hydrofluoric  (fluoric)  acid  has  no  action  on  me- 
tallic silver;  and  hence  silver  may  be  conveniently  used  in 
vessels  for  containing  this  acid;  but  it  readily  dissolves  the 
oxide  of  silver.  The  hydrofluate,  thus  formed,  has  a  strong 
metallic  taste,  and  is  very  soluble  in  water.  It  does  not 
crystallize. 


Saiu  oTox-  Of  the  remaining  salts  of  oxidized  silver,  there  have  been 
idizwl  sil-  more  or  less  described  by  chemists,  the  sulphite,  selcoate^ 
ted!  nitrate,  carbonate,  borate,  phosphate,  arseniate,  chromate, 

molybdate,  sulphocyanate,  purpurate,  oxalate,  succinate, 
acetate,  tartrate,  potasso-tartrate,  benzoate,  saclactate,  ci* 
trate,  mellate,  malate,  lactate  and  zumatc;  but  these  salts 
possess  too  little  interest  to  be  noticed.  The  rest  of  tbe 
salts  of  oxidized  silver,  amounting  in  number  to  35,  are 
unknown. 

Their  gen-  The  salts  of  oxidized  silver  may  be  distinguished  by  the 
p"ties°      following  properties  or  marks. 

1.  When  exposed  to  the  action  of  the  blow-pipe  upon 
burning  charcoal,  they  are  decomposed,  and  a  globule  of 
silver  is  obtained. 

2.  Ferrocyanate  of  potash  occasions,  in  their  solutions,  t 
white  precipitate. 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  t 
black  precipitate. 

4.  Hydrochloric  (muriatic)  acid,  or  the  chlorides  of  po- 
tassium or  of  sodium  occasion  a  white  heavy  flak»  precipi- 
tate, resembling  curd.  This  precipitate  is  chloride  of  silver 
(horn  silver). 


SALTS  OF  OXimZED  GOLA.  39^ 

5.  A  sdatioQ  of  sulphate  of  iron  precipitates  the  siltrer  CsAr.  nr. 
in  tht  metallic  state  from  solutions  of  these  salts.  "' 

6.  A  pl;itc  of  copper,  placed  in  their  soiutions^  predpU 
tfttes  the  silver  in  the  metallic  state* 


SECTION  XXVIII. 

SALTS  OF  OXIDIZED  GOLD. 

Salts  of  Oxidised  Gold  are  combinations  of  die  per-8*Ktir«» 
oxide  of  gold  with  the  different  acids.  Utiless  there  exists  ^^  s^^ 
a  simple  hydrochlorate  of  gold,  which  is  very  doubtful^  poandj?"^ 
the  protoxide  of  gold  enters,  as  a  constituent,  into  no 
salt*  Only  three  of  these  salts  are  certainly  known:  they 
are  the  following. 

L  PERH7DR0CHL0RATE  OF  GOLD. 
{TJmoMl  €hewolttl  nune^  Muriate  §/ Chid.) 

1*  When  a  mixture  of  one  part  of  nitric  acid  and  four  Perfaydro- 
parts  of  hydrochloric  acid  is  poured  upon  gold,  the  metal  ^l^"^*^  ^ 
is  immediately  attacked,  the  action  being  attended  with 
eflPervescence,  owing  to  the  disengagement  of  deutoxide  of 
azote  (nitrous  gas).  The  solution  formed  is  of  a  deep  yellow 
colour.  It  has  the  property  of  tinging  the  skin,  as  well  as 
almost  all  animal  and  vegetable  substances,  of  a  deep  pur- 
ple colour.  When  evaporated,  perhydrochlorate  of  gold  is 
deposited  in  crystals,  possessing  a  fine  yellow  colour. 

2.  This  salt  is  exceedingly  deliquescent.  Its  taste  is  acrid  lu  proper- 
and  somewhat  bitter,  but  not  in  the  least  metallic.  When  ^^-  - 
heated,  it  gives  out  chlorine,  and  is  qpnverted  into  a  straw- 
coloured  mass,  which  is  supposed  to  be  the  simple  hydro- 
chlorate.  It  is  decomposed  by  the  alkaline  salifiable  bases, 
peroxide  of  gold  being  precipitated  in  the  form  of  a  yellow 
powder;  but  ammonia,  potash*  or  soda,  if  added  in  sufficient 
quantity^  re-dissolves  this  precipitate,  and  forms  a  triple 
nk.  It  is  decomposed  also  by  most  of  the  metals,  and  the 

Sid  thrown  down,  either  in  the  metallic  state,  or  in  the 
rm  of  a  purple  powder.  When  iron,  zinc,  copper,  bis- 
muth, or  mercury  is  plunged  into  its  solution,  the  gold  is 
precipitated  in  the  metallic  state.  The  gold  is  precipitated 
in  the  form  of  a  purple  powder  by  lead,  tin  or  silver.  It  is 
precipitated  also,  from  the  solution  of  this  hydrochlorate, 
by  means  of  sulphate  of  iron,  which  becomes  converted 
into  a  persulphate;  but  no  effect  is  produced  by  the  persul- 
phate of  iron  ready  formed*  By  a  similar  action,  bydrochlo- 
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Bmk  l  ftti6  of  tin  throws  down  protozidfi  of  gbU^'oonbioed  with 
DMnn.  peronde  of  tin;  the  tin  bMog  perosidixed,  nd  the  gold  re* 
ithptST dnccd  to  the  state  of  protozidey  bjr  a  inmater  of  o^Fges 
yitirt«^>r  from  the  latter  to  the  former*  Thu  compomid  oxide  is  die 
5jj3^,  purple  precipitate  of  CasstuSf  and  is  laed  to  give  a  red  coloor 
to  porcelain  and  g^s*  On  the  other  hand^  the  perhjdro- 
dilorate  of  Un  has  no  effect  on  the  solodon  of  the  peilqrdro- 
chlorate  of  gM;  as  die  oxide,  which  it  contuns,  is  slreaify 
combined  widi  a  maximum  of  oxygen,  and  is,  thcre&aC| 
incapable  of  reduciog  the  gold  to  the  state  of  protoxide. 

3.  Different  prcparadons  of  gold  have  been  proposed  hf 
Dr.  Chresden  as  andsyphiUdc  remedies.  The^  use  af  die 
peroxide  with  this  view  has  already  been  nodced*  Bendn 
this  oxide,  Dr.  Chrestien  has  proposed  die  pcrlmbodAH 
rate  just  described  combined  widi  chloride  of  soi&ui 
(common  salt),  the  purple  powder  of  Cassios,  and  the  a«- 
moniated  oxide.  All  of  them  were  employed  by  frioion  ea 
die  tongue,  cheeks  and  gums.  The  preparation  of  the  pcdi^ 
drochlorate  is  by  far  the  most  acdve  of  those  which  he  cah 
ployed,  and  was  prescribed  by  him  in  doses  of  liraai  -Adile 
i^ia  of  a  grain,  mixed  with  starch  or  charooaL 

IL  PtrndphaU  ofGoUL-^Whtn  peroxide  of  gold  btraat^ 

v^  ^     cd  widi  warm  sulphuric  acid  diluted  with  water,  a  asfadon 
^^         of  this  salt  is  fintned,  having  a  yeOow  colour  and  'a  vciy 
s^dc  taste,  and  always  containing  an  excess  of  ndl* 

Pernitimte.  Ill*  Pemitrate  of  Gold^^^VHien  concentrated  nitric  add 
is  poured  upon  peroxide  of  gold,  it  is  dissolved;  and  diere 
is  lormed  a  soludon  of  this  salt,  possessing  a  brown  cokNir, 
find  containing  an  excess  of  acid.  When  treated  with  water, 
the  peroxide  is  precipitated. 

The  remaining  safts  of  oxidized  gold,  amounting  in 
number  to  60,  are  unknown. 

g^of^-     The  salts  of  oxidized  gold  may  be  distinguished  by  dtt 
Itowkowi'^^^^OB  properties  or  marks. 

1.  Their  solutions  in  water  have  a  yellow  colour. 

2.  Fenocyanate  of  potash  occasions  a  white  or  yeOowiili* 
white  precipitate,  when  poured  into  their  solutions. 

3.  A  plate  of  tin  or  hy  drochlorate  of  tin  occasions  die 
purple  precipitate  of  Cassius. 

4.  Sulphate  of  iron  throws  down  the  gold  in  the  metaUk 
state. 


SALTS  OF  OXIDUXD  FLATINUH.  3Qg 

Chaf.  IV. 

SECTION  XXIX. 

SALTS  OF  OXIDIZED  PLATINUM. 

Oxidized  Platinum  are  combinations  of  thegaiudroz. 
>f  platinum  with  the  diiFerent  acids.  Two  only  of  >dned  pla- 
its will  be  described.  whaTeoiiif- 

fdrochlorate  of  Platinum.'^UsiisA  chemical  name,  p^i^J^ro. 
^  P/afini/m.— 'When  sixteen  parts  of  a  mixture,  ebionte  of 
of  one  part  of  the  strongest  nitric  acid  and  three  P***"'^™- 
lydrochloric  acid,  are  boiled  upon  one   part  of 
the  solution  of  the  metal  is  gradually  effected, 
nded  with  a  violent  effervescence.  The  solution 
at  first  of  a  yellow  colour,  which  gradually  deep- 
t  becomes  of  a  deep  red.  It  is  exceedingly  acrid 

c,  and  tinges  the  skin  of  an  indelible  dark-brown 
'hen  sufficiently  concentrated  by  evaporation,  per- 
rate  of  platinum  is  deposited  in  the  form  of  crys- 
:ddish-brown  colour.  This  salt  has  a  disagreeable, 
,  metallic  taste.  When  cautiously  heated  nearly 
,  it  is  converted  into  perchloride  of  platinum.  If 
)e  still  farther  increased,  the  chlorine  is  driven 
thing  remains  but  the  pure  platinum. 

)hate  of  Platinum. — This  salt  may  be  obtained  by  Sulphate  qt 
dryness,  in  nitric  acid,  the  black  powder  precipi-  platinam. 
I  a  solution  of  platinum  in  hydrochloric  acid  as* 
litric  acid,  by  means  of  hydrosulphuric  acid  gas, 
ough  it  in  a  stream.  This  black  powder  is  a  sul- 
platinum,  mixed  with  hydrosulphuric  acid  and 
iVhen  it  is  boiled  to  dryness  in  nitric  acid,  the  sul- 
ones  acidified,  and  the  platinum  oxidized,  where- 
onverted  into  a  sulphate  of  platinum.  This  salt 
3Tm  of  a  porous  crust,  of  a  dark-brown  colour, 
ig  to  black.  It  is  brittle  and  easily  reduced  to 
is  taste  is  acid,  metallic  and  somewhat  caustic. 
;  property  of  slightly  reddening  vegetable  blues. 
'  deliquescent,  and  consequently  very  soluble  in 
ie  sulphuric  acid  cannot  be  separated  from  it  by 
methods,  owing  to  the  tendency  which  it  pos- 
forming  triple  salts  with  most  of  the  alkaline  Forms  trl- 
Y  salifiable  bases.  When  heated  to  redness,  it  is  P*«  ••l^- 
.ecomposed;   oxygen  and  sulphurous  acid  being 

d,  and  a  strong  fuming  sulphuric  acid,  obtained, 
uum  consists  of  pure  platinum. 

lowing  are  the  triple  salts  which  this  sulphate  is 
forming;  namely,  the  ammonio-sulphate,  potasso* 
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Book!,   sulphate,  Boda-sulphate,  baryto-sulphate  and  alumino-sol- 
Divifiion  II  phattr,  Thcsc  compouods,  however,  are  purposely  omitted^ 
as  being  of  too  little  importance  to  be  described*  The  rtst 
of  the  salts  of  oxidized  platinum  are  uokoown* 

General  The  salts  of  oxidized  platinum  may  be  distmguiahed  bj 

S^tETiHlHt  ^^  following  properties  or  marks* 

of  nxKiized       1.  Thtir  solutions  in  water  have  a  brown  or  ayeUowish* 
SMiMim.    (jyQ^u  colour. 

2.  Ferrocyanate  of  potash  occasions  no  precipitate  in  their 
solutions. 

3.  Ammonia  and  potash  occasion  the  precipitation  of  small 
orange-coloured  crystals. 

4.  Hydrosulphuric  acid  gas  occasions  a  black  predpittte. 


SECTION  XXX. 

SALTS  OP  OXIDlZ£D  PALIADIDM. 

Saito  of  Gz- Salts  o^  Oxidized  Palladium  are  combinadoos  of  the 
bdiSSir*'  oxide  of  palladium  with  the  different  acids.  Only  three  of 
<what  <^ni-      these  compounds  will  be  noticed. 

Standi, 
ydroebio-     I.  Htfdtochlorate  of  Palkidtum.'^UsvLdl  cbemkd  name, 

jJJ?j^ P"*' Jifi^ria^c?  of  Palladium. — Hydrochloric  acid,  even  when  as- 
sisted by  heat,  acts  but  slowly  upon  pallsuiium;  but  by  the 
assistance  of  nitric  acid,  it  dissolves  the  metal  with  great 
violence,  and  forms  a  red  solution  containing  this  salt. 

Besides  this  simple  salt,  hydrochloric  acid  and  oxide  of 
palladium  form  three  triple  salts,  by  combining  with  either 
ammonia,  potash  or  soda.  But  these  salts  are  not  of  suScietH 
importance  to  be  noticed. 

Sulphate.  II.  Sulphate  o/*  Pa//a^iz/m.— -Sulphuric  acid,  when  boiled 
upon  palladium,  dissolves  a  small  portion  of  the  metal,  and 
assumes  a  beautiful  red  colour.  The  properties  of  the  aui* 
phate,  which  is  thus  formed,  have  not  been  examined. 

Nitrate.  III.  Nitrate  of  Pailadium^^-^Strong  and  colourless  nitric 

acid  acts  but  feebly  upon  palladium,  no  deutoxide  of  azoie 
(nitrous  gas)  is  extricated,  and  it  gradually  assumes  a  red 
colour.  When,  however,  the  acid  contains  deutoxide  of 
azote,  the  action  is  much  more  rapid.  The  solutiim  forflH 
ed,  by  evaporation,  yields  a  red  mass  consisting  of  this 
salt. 

The  remaining  salts  of  oxidized  palladium  are  unkaowB* 
General  The  salts  of  oxidizcd  palladium  may  be  distinguished  b^ 

ofthc  Mks  ^^c  following  properties  or  marks. 


SALTS  OF  OXfDnSED  RHODIUM.  4Q2 

1.  They  are  almost  all  insoluble  in  waten  Their  solutions  Cramv. 
in  acids  have  a  fine  red  colour.  of  oxidized 

S*  Ferrocyanate  of  potash  occasions  a  dirty  yellow-brown  palladium. 
precipitate,  when  dropped  into  their  solutions. 

3.  Hydrosulphate  of  potash  occasions  a  blackish-brown 
precipitate. 

4.  Ammonia,  potash  or  soda  occasions  an  orange-colour- 
ed precipitate. 

5.  Mercur}'  and  sulphate  of  iron  throw  down  the  palla* 
dium  in  the  metallic  state.  ^ 


SECTION  XXXI. 

SALTS  OF  OXIDIZED  RHODIUM. 

Salts  of  Oxidized  Rhodium  are  combinations  of  per- saiu of  ozi- 
oxide  of  rhodium  with  the  diifrrcnt  acids.  The  deutoxide  ^jzed  rho- 
18  not  known  to  be  a  salifiable  base,  and  it  is  doubtful  J^^^dl 
whether  the  protoxide  enters  into  the  composition  of  any 
salt.  Only  three  of  these  salts  will  be  described. 

I.  Perhydrochlorate  of  Rhodhim.''^Peroxidc  of  rhodium  Pertiydro- 
dissolves  in  hydrochloric  acid,  and  forms  a  rose-coloured  ^ul^T^  ^ 
solution,  which  does  not  cr^'stallize.   When  hydrochlorate 

of  ammonia  (sal  ammoniac)  or  nitrate  of  potash  (nitre)  is 
added  to  this  solution,  no  precipitate  appears;  but  a  triple 
aah  is  formed  with  ammonia  or  potash,  according  to  the 
substance  added. 

II.  Persulphate  of  Shodium.'^When  hydrosulphate  (hy-  penul- 
droaulphuret)  of  ammonia  is  mixed  with  the  compound  ofpbate. 
chloride  of  sodium  and  peroxide  of  rhodium,  a  sulphuret  of 
rhodium  precipitates.  When  fuming  nitric  acid  is  boiled  to 
dryness  upon   this  sulphuret,  it  becomes   changed   into  a 
persulphate.  This  salt  deliquesces  in  the  air,  and  assumes  a 

red  colour.  When  dissolved  in  water  and  evaporated,  it  is 
converted  into  a  syrupy,  orange- coloured  mass. 

III.  Pernttrate  of  Rhodium. — Peroxide  of  rhodium  dis- Pcrnltrate. 
solves  in  nitric  acid,  and  forms  a  red  solution,  which  does 

sot  cr}'stallize. 

The  rest  of  the  salts  of  oxidized  rhodium  are  unknown.  Sniuofoti- 

The  salts  of  oxidized  rhodiomi  may  be  distinguished  by  djum/ho^ 
ihe  following  properties  or  marks.  known. 

1.  Their  solutions  in  water  are  red. 

2.  Neither  ferrocyanate  nor  hydrosulphate  of  potash  oc- 
casion any  precipitate  in  their  solutions.  . 

3  E 
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Book  I.       3.  Ammonia,  potash  or  soda  throws  down  from  their  so- 
Di^iMoo  it  lutions  a  yellowish  po\vder,  soluble  in  excess  of  these  alkaline 
bases. 


SECTION  XXXII. 

SALTS  OF  UXIDIZBU  IRIDIUM. 

Saiuofoxi'     These  salts  have  heretofore  been  but  very  imperfectlj 
dized  iridi.  examined:  the  only  one  which  has  been  formed  is  the  hy« 

drochlorate.   They  may   be  recognised  by  the  foibwing 

marks. 

K  They  are  soluble  in  water.  The  solution  is  at  first  green, 

but  aitei  wards,  by  concentration  in  the  open  air,  becomes 

red. 

2.  Their  solutions  are  rendered  colourless,  when  ferrocy- 

anate  of  potash,  or  infusion  of  nut-gaUs  is  dropped  ints 

them. 


SECTION  XXXIIL 

SALTS  OF  OXIDIZED  OSMIUM. 

SaUaofoxj-      It  has  already  been  mentioned,  that,  strictly  speaking, 
um*do*n^^^^  oxide  of  osmium  is  not  a  salifiable  base,  and  conse- 
strictiy       quently  that  no  such  compound  as  a  salt  containing  this 
exist^"^'    ^^^^^  *s  known  to  exist.    But  it  is  reasonable  to  suppose, 
that  it  is  unknown  as  a  salifiable  base,  not  because  it  is  in- 
capable of  forming  salts,  but  in  consequence  of  the  imperfect 
manner  in  which  its  chemical  relations  have  been  investi- 
gated. 


SECTION  XXXIV. 

SALTS  OF  OXIDIZED  TITANIUM. 

Saiu  of  oxi-  These  salts  are  combinations  of  the  protoxide  or  peroxide 
nium/what      °^  titanium  with  different  acids.  The  deutoxide  is  not 
cotopouada.      known  to  enter  into  the  composition  of  any  salt.  Only 
four  of  ;hese  compounds  will  be  noticed. 

I.  Perhydrochlorate  of  Titanmm.'^^Usudl  chemical  name, 
Muriate  of  Titanium^^^Hy droMor'ic  acid  has  no  action  on 
deutoxide  of  titanium;  but  it  dissolves  readily  the  percar- 
bonute. 
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lit  Sulphate  of  Tftomtim.— -Boiling  sulphuric  acid  has  Ciuy.  iv, 
no  action  upon  dcutoxide  of  titanium;  but  it  oxidizes  and 
dissolves  a  portion  of  metallic  titanium.  The  solution,  when 
evaporated,  is  converted  into  a  white,  opaque,  gelatinous 
mass. 

III.  Pernitrate  0/*Tito;iifim.— Nitric  acid  exerts  no  action 
upon  deutoxide  of  titanium,  and  scarcely  any  on  the  metal 
itself;  but  it  dissolves,  by  the  assistance  of  heat,  t£he  peif 
carbonate  of  titanium.  The  solution,  when  evaporated,  yields 
transparent  cr^'stals  of  this  nitrate. 

IV.  Percarhonate  of  Titonfi/m.— This  salt  may  be  form- 
ed by  melting  together  one  part  of  deutoxide  of  titanium, 
and  six  parts  of  carbonate  of  potash,  and  washing  the  mass 
formed  completely  with  water.  A  white  powder,  with  a 
slight  red  tinge,  is  left  behind  undissolved,  which  consists 
of  the  percarhonate. 

The  rest  of  the  salts  of  oxidized  titanium  are  unknown. 

The  salts  of  oxidized  titanium  may  be  known  by  the  fol-  Their  dii- 

lowing  characters.  ^*HSlrti2 

1.  They  are  generally  colourless,  and,  in  some  degree,  ^^**^ 
soluble  in  water. 

2.  Carbonate  of  potash  or  of  soda  occasions  a  white  flaky 
precipitate  in  their  solutions. 

3.  Ferrocyanate  of  potash  occasions  a  grass-green  preci- 
pitate, mixed  with  brown. 

4.  Hydrosulphate  of  potash  occasions  a  dirty  grass-green 
precipitate. 

5.  Infusion  of  nut*galls  occasions  a  very  bulky  reddish- 
brown  precipitate. 


SECTION  XXXV. 

SALTS  OF  OXIDIZED  ANTIMONY. 

The  reader  has  already  been  informed,  that  of  the  three  Saitoofoxi- 
compounds  formed  by   antimony  with  oxygen,   that  one  **'**^  "*^'' 
only,  which  contains  the  least  oxygen,  is  a  salifiable  base.  !J^hat  'eom- 
The  other  two  are  acids,  and,  according  to  the  quantity  !»"«*<*•• 
of  oxygen  which  they  contain,  are  distinguished  by  the 
names  of  antimontous  and  antimomc  acids.  It  is  this  cir- 
cumstance of  the  different  agency  of  these  compounds,  in 
the  formation  of  salts,  which  has  led  to  the  classification  of 
antimony  as  an  intermediate  combustible.  The  salts  to  be 
described  here  are  accordingly  compounds  of  the  oxide  of 
antimony  with  the  diiferent  acids* 
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Book  I.    Oxide  of  aDticnony  is  not  known  to  combine  with  sulphuric 
Diyition  II.     acid;  but  with  hydrosulphuric  acid  (sulphurc^tted  hydro- 
gen), it  forms  hydrosulpliate  of  antimony* 


Oxifle  of 
antimony 
combines 
withh>4ro- 
Bulphario 
aoifl,  form- 
ing hydro- 
sulphate  of 
antimony, 
or  kei'mes 
mineral. 

Its  prepa- 
ration  for 
medical 
use. 


Its  cotnpo- 
Riiion. 


I.  HYDROSULPHATE  OP  ANTIMONY. 

(Usual  ohemical  name,  Hydrontlpkuret  of^tUimonjf.'^Bmm 

Sulphur^  of  the  iiublin  coll^. — Common  name,  KermcM  AhmeraL) 

.  1.  When  hydrosulphate  of  ammonia  or  of  potash  ia  drop- 
ped into  an  acid  solution  of  antimony,  this  salt  precipitates 
in  the  form  of  a  beautiful  orange- coloured  powder* 

2.  It  is  directed  to  be  prepared  by  the  Dublin  coikge  by 
the  following  process:  Meh  together  equal  parts  of  prepar- 
ed sulphuret  of  antimony  and  carbonate  of  potash  in  a  cru- 
cible; and  when  the  m.iss  is  cool,  reduce  it  to  powder,  and 
then  boil  it  in  a  glass  vessel  with  forty  times  its  weight  of 
water  for  an  hour.  The  vessel  is  then  taken  off  the  fire,  and 
as  soon  as  the  liquor  has  become  clear,  it  is  cautiously  de- 
canted and  set  aside  to  cooL  During  the  cooling,  the  hy- 
drosulphate is  deposited  in  the  form  of  a  powder. 

3.  The  manner  in  which  the  hydrosulphate  ia  formed,  in 
the  foregoing  process,  is  thus  explained.  Upon  fusing  to- 
gether carbonate  of  potash  and  sulphuret  of  antimony,  car- 
bonic acid  is  disengaged,  and  the  mass  obtained  is  a  mixture 
of  the  sulphurets  of  antimony  and  of  potash.  Water,  by 
being  boiled  upon  the  mixed  sulphurets,  becomes  decom- 
posed; its  oxygen  oxidizes  the  antimonv,  while  its  hydrogen 
converts  the  sulphur  into  hydrosulphuric  acid.  Part  of  the 
acid,  thus  formed,  combines  with  the  oxide  of  antimony, 
while  the  remainder  unites  with  the  potash;  so  that  the 
mixed  sulphurets  become  a  mixture  of  hydrosulphate  of 
antimony  and  hydrosulphate  of  potash.  Now  the  former  of 
these  salts  is  soluble,  at  the  boiling  temperature,  in  the 
latter,  but  not  at  the  ordinary  temperature  of  the  air:  hence, 
therefore,  it  precipitates  as  the  liquid  cools. 

4.  The  method  of  preparing  this  salt  was  first  discovered 
by  Glauber,  and  afterwards  by  Lemery,  the  elder.  It  ac- 
quired great  celebrit\ ,  as  a  medicine,  about  the  beginning 
of  the  last  century.  Its  preparation  was  kept  secret  before 
1720,  in  which  year  the  French  government  purchased  the 
process  and  made  it  public. 

5.  Kermes  mineral,  when  obtained  from  the  sulphuret  of 
antimony  and  potash,  was  found  by  Thenard  to  consist  of 

Hydrosulphuric  acid  20*30 

Oxide  of  antimony  72»76 

Sulphur  4*15 

Water  and  loss  2-79 


100-00 
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This  maljrsM  does  not  agree  well  with  any  atomical  sap-  Caat.  iv. 
aitioo  far  the  composition  of  this  salt.  It  evidently  ap« 
ars  that  the  compound  cannot  be  much  modified,  in  its 
edical  proptrrties  at  least,  by  the  presence  of  4  per  cent* 
sulphur.  Kermrs  mineral  may  therefore  be  considered, 
ithout  much  want  of  precision,  a  hydroaulphate  of  anti- 
ooy. 

6.  When  the  liquor,  from  which  the  kermes  mineral  has  H^draal- 
ccipitatrd,  is  treated  with  diluted  sulphuric  acid,  a  preci-  phiterfn- 
tate  is  formed,  which  differs  in  composition,  from  the  one  ^!^n  miu 
It  described,  in  containing  a  largt  r  proportion  of  sulphur,  p^* 
ccording  to  the  plan  of  nomenclature  adopted  in  this 
>rk,  it  may  be  called  a  hydrostUphite  of  antimony.  Its 
ual  chemical  name  is  hydroguretted  suiphurei  of  antimO' 
\  formerly  called,  golden  ntlphur.  It  b  officinal  with  the 
ntish  colleges. 

r.  Krrmes  mineral  b  an  active  preparation  of  antimony,  Medieai 
d  ceruinly  not  sufficiently  attended  to  by  medical  practi-  £f?^*^^^ 
ners  in  the  United  Sutes.  It  has  the  usual  properties  of  minanS^ 
I  antimonial  remedies.  Its  dose  is  from  a  grain  to  a  grain 
1  a  half.  It  is  very  apt  to  excite  vomiting.  The  golden  and  ofnid- 
phur  is  very  similar,  m  medical  properties,  to  the  kermes  •"  •«'P'>«»' 
neral;  but  on  account  of  the  additional  quantity  of  sul- 
jr  which  it  contains,  it  may  be  given  in  larger  doses. 

:ide  of  antimony  is  not  known  to  combine  with  phospho-  Oxkie  of 
ric  acid;  but  with  phosphate  of  lime,  it  forms  phosphate  JJ^"(J^' 
>f  lime-and-antimony.  with  phot- 

Ehate  of 
... me,(brmi 

photphate 
'Oxide  ofJtntinwinf  -with  Phosphate  of  Idmef  of  the  B<Hnburgh  College^       of  lime-aiid- 
Commoii  namet,  Anttmonial  Pvwder^-^amet't  Powder.)  antimooyy 

I.  This  compound  is  directed  to  be  prepared  by  the  Bri- powder. 
1  colleges  by  the  following  process.  Put  a  mixture  of 
lal  parts  of  sulphuret  of  antimony  and  shavings  of  harts- 
n  in  a  red-hot  iron  pot,  and  stir  it  constantly,  until  it  is 
mt  into  a  mass  of  a  grey  colour.  It  is  then  removed  from 
fire,  ground  into  a  powder,  and  placed  in  a  crucible, 
:r  which  there  is  luted  another,  perforated  at  its  bottom, 
e  mass  is  now  exposed  to  a  white  heat  gradually  raised, 
I  kept  at  that  temperature  for  two  hours.  It  is  then  with- 
twn  from  the  fire,  and,  when  cold,  ground  into  a  fine 
vdcr.  It  now  constitutes  the  preparation  in  question. 
K.  To  understand  the  foregoing  process,  it  must  be  recol- 
ted,  that  shavings  of  hartshorn  are  phosphate  of  lime 
itaimng  some  animal  matter.  When  they  are  exposed  to 
rhite  heat,  the  animal  matter  is  burnt  off,  and  they  be- 
ne converted  into  pure  phosphate  of  lime.  During  the 
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Book  I.    same  exposure,  the  sulphuret  of  antimony,  witb  which  the 
Difirioa  IL  shavings  are  mixed,  becomes  converted  into  oxide  of  and- 
mony,  and,  thus  ahered,  combines  with  the  phosphate* 

3.  The  formula,  just  given,  was  invented  by  Dr.  Pear- 
son  of  London*  It  furnishes  a  preparation,   which  agrees 
in  constituents  with  the  celebrated  antimonial  powder  of 
Dr*  James* 
Its  eompo-      4.  This  triple  salt  is  composed  of 
"'^'*°-  Phosphate  of  lime  43 

Oxide  of  antimony  S7 
lu  medieai  5.  Phosphate  of  lime-and-antimony  is  a  very  valoUe  an- 
propertiet.  timonial  preparation.  In  doses  of  from  three  to  eight  graios, 
repeated  every  th^rd  or  fourth  hour,  it  is  well  suited  to  the 
treatment  of  febrile  diseases,  and  acts  as  a  diaphoretic  ind 
antiphlogistic  remedy.  In  larger  doses,  its  operation  is  bodi 
emetic  and  cathartic. 

Oxide  of  Tartaric  acid  has  no  action  upon  metallic  antimony,  and  is 
foi^^a  tri-  capable  of  dissolving  small  portions  only  of  its  oxide; 
pie  tait  but  bitartrate  of  potash  (tartar)  combines  with  the  oxide, 

tn^ofMt-     ^^^  forms  tartrate  of  potash-and-antimony. 

J*' J^'^  III.  TARTRATE  OF  POTASH-AND-ANTIMONY. 

poush-and.  ^Tartnte  o/^nft*Morty  of  the  B<)inbiirgli  eollege.— Also  called,  TmimxdJb^ 
*"  tar^'  ^'^'*!f^'^^^^"^^^^  Tor/or.— Common  name,  Tariar  EmeUt,) 

emeUc.  j^  The  London  and  Edinburgh  colleges  direct  the  pre- 

paration of  this  triple  salt  by  the  following  process:  Boil  a 
mixture  of  three  parts  of  crocus  of  antimony  (a  sulphuretted 
oxide  of  antimony)  and  four  parts  of  bitartrate  of  potash 
(tartar),  in  thirty-two  parts  of  distilled  water,  in  a  glass 
vessel,  for  about  a  quarter  of  an  hour.  Filter  the  liquor 
through  paper,  and  set  it  aside  to  crystallize. 

2.  In  the  above  process,  the  oxide  of  antimony  is  dissolv- 
ed in  the  extra  atom  of  acid  of  the  bitartrate  of  potash; 
so  that  there  is  formed  a  tartrate  of  antimony,  while  the 
bitartrate  is  reduced  to  a  tartrate  (soluble  tartar).  The  tar- 
trate of  antimony,  however,  does  not  combine  with  all  the 
tartrate  of  potash  formed,  but  a  proportion  of  it  only* 
Hence  it  is  that  the  liquid,  from  which  tartar  emetic  is 
deposited,  is  a  solution  of  tartrate  of  potash. 

3.  Besides  the  crocus  of  antimony,  several  other  forms 
of  oxide  of  antimony  have  been  employed  in  the  formatioa 
of  this  triple  salt.  These  are  the  glass  of  antimony  (a  sul- 
phuretted oxide)  and  subhydrochlorate  of  antimony  (pow- 
der of  Algaroth).  When  the  glass  is  used,  its  sulphur  is  left 
undissolved,  as  is  the  case  with  the  crocus;  and  when  the 
subhydrochlorate  is  employed,  the  small  portion  of  acid, 
which  it  conuins,  combines  with  the  potash  of  the  bitarurate 
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and  remains  in  solution.  The  Dublin  college  employs  the  Ciuv.1T. 
uncombined  oxide  of  antimony,  which  is  precipitated  from 
chloride  of  antimony  (butter  of  antimony)  by  means  of  car- 
bonate of  potash.  This  is  perhaps  the  best  method  for  pre- 
paring tartar  emetic;  but  at  the  same  time  it  is  the  most 
expensive. 

4.  Tartrate  of  potash-and-antimony  has  a  white  colour  Pktipertics 
and  a  crystalline  appearance.  When  exposed  to  the  air,  i^"*^*"*^ 
effloresces  and  loses  its  transparency.  It  is  soluble  in  fifteen 

parts  of  water  at  the  temperature  of  60°,  and  in  three  parts 
of  boiling  water.  When  exposed  to  heat,  its  acid  is  destroy- 
ed, and  there  remains  behind  a  mixture  of  potash  and  oxide 
of  antimony.  It  is  decomposed  by  the  alkaline  salifiable 
bases  and  their  carbonates,  by  the  hydrosulphates,  and  by 
several  of  the  metals.  It  is  decomposed  also  by  vegetable 
juices,  and  by  decoctions  of  vegetable  substances,  especially 
of  such  as  are  astringent  and  bitter.  Hence  care  must  be 
taken  not  to  associate  these  substances  with  tartar  emetic  in 
compound  prescriptions. 

5.  The  composition  of  tartar  emetic  may  be  thus  stated:  Its  •omp^ 
182  parts,  or  one  atom  of  bitartrate  of  potash  require  for"^*^' 
saturation  98  parts  of  oxide  of  antimony.  As,  however,  the 

oxide  combines  only  with  the  extra  atom  of  acid  in  the 
bitartrate,  there  consequently  results 

165  parts  of  tartrate  of  antimony,  composed  of 

67  parts,  or  one  atom  of  tartaric  acid,  and 
98  parts  of  oxide  of  antimony;  and 
115  parts,  or  one  atom  of  tartrate  of  potash,  composed  of 

67  parts,  or  one  atom  of  tartaric  acid,  and 
48  parts,  or  one  atom  of  potash. 
The  165  parts  of  tartrate  of  antimony,  during  the  pre- 
cipitation of  the  tartar  emetic,  combine  with  72  parts  only 
of  the  tartrate  of  potash  formed,  the  remainder  of  the  tar- 
trate of  potash,  amounting  to  43  parts,  being  held  in  solu- 
tion. 

The  above  numbers  are  calculated  from  an  analysis  per- 
formed by  Thenard.  It  is  easy  to  perceive  that  they  do  not 
accord  with  any  supposition  of  atomic  combination. 

6.  Tartrate  of  potash-and-antimony  is  of  indispensable  TtrUr  e- 
utility  in  the  practice  of  medicine.  In  doses  of  from  three  ^^^^^. 
to  five  grains,  it  is  a  prompt  and  effectual  emetic:  and  in  bie  atiiity 
doses  of  from  one-eighdi  to  one-fourth  of  a  grain,  repeated  at  jJellS'^!' 
short  intervals,  it  is  one  of  the  most  certain  means  of  repres-  (Ueine. 
sing  febrile  action,  which  can  be  employed.  When  dissolv- 
ed in  wine,  it  forms  the  valuable  medicine,  familiarly  known 

by  the  name  of  antimonial  wine.  This  preparation  is  offici- 
aal  with  the  different  colleges;  but  it  is  to  be  regretted,  that 


408  SALTa 

Book  I.  it  18  not  of  uniform  strength.  The  wine  oidered  i^  die 
Di^iMon  II.  Edinburgh  colkge  contains  two  grains  of  die  triple  salt  to 

the  ounce;  while  the  wines  of  the  LfOndoa  and  Dublin  col* 

leges  conuin  twice  that  quantity. 

SaHtofoxf.  Besides  the  salts  of  oxidized  antimony  just  descriiicd« 
mony  "^^'  ^^^^  ^"^^  ^^^^  formed  and  slightly  noticed  by  cbemistB, 
omitted,     the  oxalate,  acetate  and  bcnzoate.  The  rest  of  these  salts 

are  unknown. 
Their  gen-      The  salts  of  oxidized  antimony  may  be  recogoised  by 
JJ^jluST     ^^^  following  properties  or  marks. 

1.  Their  solutions  in  acids  are  usually  of  a  browmsh- 
yellow  colour,  and  in  most  cases  let  fall  a  white  piedpi- 
tate  upon  the  addition  of  water. 

2.  Hydrosulphate  of  potash  occasions  an  orange-cdooicd 
precipitate  in  their  solutions. 

3.  When  a  plate  of  iron  or  zinc  is  plunged  into  theb  so- 
lutions, a  black  precipitate  immediately  forms. 


SECTION  XXXVI. 

SALTS  OF  OXIDIZED  TELLURIUM. 

Saluofoxi-     These  salts  are  the  compounds,  into  which  oxide  of  td- 
rium;  what  lurium  enters  as  a  constituent,  not  as  an  acid,  but  as  a  base, 
compounds.  It  was  the  double  office  of  the  oxide  of  tellurium  in  its  dif- 
ferent saline  combinations,  which  caused  the  metal  itsetf 
to  be  associated  with  antimony,  under  the  title  of  intense- 
diate  combustibles.  Tellurium,  however,  differs  from  anti- 
mony in  this  respect,  that,  being  capable  of  forming  bot 
one  oxide,  the  same  oxicie,  under  different  circumstaDCCS, 
appears  both  as  an  acid  and  as  a  salifiable  base;  whereas  it  is 
different   oxides  of  antimony,  which  assume   the  double 
office. 

The  hydrochlorate,   sulphate   and  nitrate    of  telluriDis 
have  been  formed  by  Berzelius;  but  they  are  too  unimpor- 
tant to  be  described.   No  other  salts,  into  which  the  oxide 
of  tellurium  enters  as  a  salifiable  base,  are  known. 
General  The  salts,  into  which  the  oxide  of  tellurium  enters  si  s 

of  thesaiu,  ^^'^^^j^u^'^ti  may  be  recognised  by  the  following  characters. 
into  which       1.  Potash  or  soda,  when  dropped    into  their  solutionSi 
teilurium    ^^^asions  a  white  precipitate,  which  disappears  when  either 
of  these  alkaline  bases  is  added  in  excess. 


ALCOHOL.  ^^ 

2.  Ferrocyanate  of  potash  occasions  no  precipitate;  but  C«a>.v, 
hydrosulphate  of  potash  throws  down  a  brown  or  bkckish  entan  m  a 
precipitate.  cooititiieBt. 

3.  Iron,  zinc,  and  antimony  throw  down  the  tellurium  in 
the  form  of  a  black  powder,  which  acquires  the  metallic 
lustre  when  rubbed. 


CHAPTER  V. 

OF  UNSAUFIABLB  COMPOUKD8. 

It  is  proposed,  in  the  present  chapter,  to  treat  of  thie 
more  important  unsalifiable  compounds*  They  will  be  ar^ 
ranged  under  the  six  following  heads: 

1.  Alcohol.  4.  Fixed  oils. 

2.  Ethers.  5.  Spermaceti. 

3.  Volatile  oils.  6.  Soaps. 

These  heads  will  furnish  the  titles  of  the  six  foUowinj^ 
sections. 


SECTION  I. 

OF  ALCOHOL. 

(Commoa  name.  Spirit  of  PFine,) 

1.  By  the  distillation  of  various  fermented  liquors,  a  pe- Prodaet  of 
culiar  liquid  is  obtained.  The  distilled  product  of  wine  i»  ^?UJ,  ^'^fojll' 
brandy;  of  the  fermented  juice  of  the  sugar  cane,  rum;  and  mented  li* 
of  the  fermented  juice  of  the  apple  or  of  the  fermented  in-*l**ort. 
fusion  of  malt,  whiskey  or  gin.  All  these  different  kinds  of 
ardent  spirits  are  essentially  the  same.    They  consist  of 
pure  spirit  or  alcohol,  diluted  with  water,  and  containing  a  Ardent 
little  oil  or  resin,  to  which  they  owe  their  flavour  and  colour.  'PJ^  **  *" 

When  these  ardent  spirits  are  distilled,  there  is  obtained  hoi. 
a  light  transparent  liquid,  known  in  conmerce  by  the  name 
of  rectified  spirits.  This  liquid,  however,  is  not  pure  alcohol; 
it  still  contains  a  considerable  portion  of  water. 

The  method,  formerly  practised  to  separate  the  water 
from  the  rectified  spirits,  was  to  mix  them  with  carbonate 
of  potash  (salt  of  tartar),  previously  made  dry  and  warm. 

3  F 
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TOIBAUnAtMt  OQMPOTOBDB, 


bmkL  TUfttdt  it  iBiolabte  b  pure  ■kohoft  tit  cwatSnci  lAk 
^wiiUxf  with  water.  Hence  it  uh  that,  i^  Mmg  nuaA 
with  die  BphitSy  it  teparatet  die  greater  part  o  tm  wtt» 
which  diey  contain,  and  falls  to  die  boOMa  «f  dM  vewl 
eoapkqrtd.  The  ipirita  have  now  heoome  IMttier  and  pnnr 
dian  before;  but  they  stitt  contain  a  cooudmriik  m^ittif. 
of  water. 

Alcohol,  abaolatelv  ^re,  was  lirrt  obtained.  In  IIWV 
by  Lowitz  of  Petemborgh.  The  proceaa  of  dus  diiib  b 


AhMhas 


•d  ly  liMT- as  follows:  Mix  together,  in  a  retort,  two  parts  of  tiabo- 
'^  nate  of  potash,  pe^Recdy  dry  and  sdll  wam^  and  dirfaart 

of  alcohol,  brought  to  die  spedfic  gravity  of  OUMIt  by 
means  of  the  conmion  treatssent  widi  ^eaibanatte  ot 
Tbis  mixture  forms  a  soUd  mass,  without  any 
dance  of  alcohoL  AOnw  it  to  rsaum  for  twenty-ibar  hooiSi 
and  dien  disdl  by  a  heat,  so  goitie  as  that  aboot  two  aoooads 
will  ehmse  between  the  ISdlmg  of  the  dcm  of  dw  tfttlbd 
ttqoor  m>m  die  beak  of  the  receiver.  When  die  iiawial 
becomes  greater,  the  process  mnst  be  stoppeda  In  dna  way, 
an  alcohol  is  obcuned  of  Ae  specific  gravilY  of  0^1:  it 
may  be  considered  as  absolute  or  pure  alcohoL 

Richter'obtuned  deohol  of  the  specific  gravity  lyf  O-fSei^ 
Ijiy  disdlBng  an  akohol  of  tlie  apeei&  gnndqr  of  0-i|l 
litde  more  than  its  vreig^  of  ddoride  of  ralrium  Qpliste 
of  lime),  pulverized  vad  yet  warm,  and  wluch  bm  fievi* 
ously  been  exposed  to  a  red  heat. 
Prapertiei  2.  Absolute  alcohol,  obtained  by  the  processes  just  giveo, 
afocbS!*'^  is  a  transparent  colourless  liquid,  possessing  a  pleasant 
smell,  and  strong,  penetrating,  agreeable  taste.  Its  specific 
gravity,  as  has  idready  been  mentioned,  is  0*791*  When 
mixed  widi  water,  its  specific  gravity  becomes  higher  in 
proportion  to  the  quantity  added,  and  the  mixture  is  at- 
tended by  a  condensation.  Hence  the  purest  spirits  are 
those  which  are  specifically  the  lightest. 

3.  Alcohol  does  not  congeal,  when  exposed  to  the  grestest 
artificial  cold  which  has  hitherto  been  produced.  It  h^  been 
subjected  to  a  cold  of  —  91®  without  losing  its  liquidity. 
.^  4.  It  is  a  very  volatile  liquid.  When  of  the  specific  ps- 
vi^  of  0*820,  its  boiling  point  is  at  176®.  In  a  vacuum,  it 
boils  at  the  temperature  of  56®.  From  this  it  is  evidnt, 
that,  were  it  not  for  the  weight  of  the  atmosphere,  it  would 
always  exist  in  the  form  of  an  clastic  vapour.  This  vaposr 
possesses  the  mechanical  properties  of  common  air.  to 
specific  gravity  is  1*61. 

5.  When  alcohol  is  exposed  to  a  high  temperaturSv  tt 
takes  fire  and  bonis  with  a  blue  flame,  leaving  no  residuals- 
The  products  of  its  combustion  are  water  and  carbook 
acid. 


ALCOHOL.  4|]^ 

6.  Alcohol  18  capable  of  dissoWing  a  small  portion  of  CaAP.v> 
phosphorus.  It  dissolves  a  portion  of  sulphur  also.  When 
water  is  added  to  salphuretted  alcohol,  the  sulphur  is  pre<* 
cipitated. 

7.  Alcohol  has  the  property  of  combining  with  ammonia;  iteombines 
with  which  it  forms  the  officinal  preparation,  called  ammo-  ^^itb  ^m- 
Dialed  alcohol,  or  spirit  of  ammonia.  This  compound  is^fl^g 
best  prepared  by  mixing  together  one  part  of  hydros hlorate  *°^°''|°^ 
of  ammonia  (sal  ammoniac)  and  two  parts  of  lime,  and  pour*  ^^   ^^'^^ 
ing  upon  the  mixture,  placed  in  a  retort,  four  parts  of  al* 
cohol.  The  whole  is  then  distilled  to  dryness.  The  hydro- 
chloric acid  of  the  hydrochlorate  combines  with  the  lime  in 

such  a  way  as  to  form  chloride  of  calcium  and  water;  while 
the  ammonia,  combined  with  the  alcohol,  distils  over. 

Several  active  articles  of  the  materia  medica  are  dissolv-  Ammomt- 
cd  in  ammoniated  alcohol.  The  compounds  thus  formed  Jj^^^ 
are  called  ammoniated  or  volatile  tinctures.  solvent  foe 

8.  Alcohol  is  capable  also  of  dissolving  potash  and  soda,  'f^^'^Jf' 
and  forms  with  them,  a  reddish-coloured  acrid  solution.   It  Jll^ 

is  by  means  of  alcohol,  that  these  alkaline  bases  are  gene- 
rally obtained  in  a  pure  state.  It  is  decomposed  by  the  ac- 
tion of  sulphuric  and  nitric  acids;  but  all  the  other  acids 
are  soluble  in  it,  except  phosphoric  acid  and  the  metallic 
acids.  It  is  capable  of  dissolving  a  considerable  number  of 
salts.  Some  of  these  compounds,  however,  are  entirely  inso- 
luble in  it.  When  it  holds  in  solution  certain  substances, 
their  presence  is  indicated  by  the  peculiar  colour  of  its 
flame.  Thus  boracic  acid  and  the  salts  of  oxidized  copper 
tinge  its  flame  green;  nitrate  of  strontian,  purple;  chloride 
of  calcium,  red;  nitrate  of  potash  and  perchloride  of  mer- 
cury, yellow. 

9.  It  is  composed  of  Cooipon- 

Hydrogen  3— three  atoms.  SC'^*' 

Carbon  12— two  atoms. 

Oxygen  8— -one  atom. 

23 
The  atomic  statement,  above  given,  of  the  ultimate  con- 
stituents of  alcohol  coincides  very  nearly  with  an  analy- 
sis, performed  with  great  care  by  Theoaore  de  Saussure, 
in  1813:  it  may,  therefore,  be  considered  a  pretty  near  ap- 
proximation to  truth.  The  proximate  constituents  of  this 
liquid  are  unknown;  as  there  are  no  data,  by  which  to  indi- 
cate the  manner  in  which  its  ultimate  constituents  are 
united. 

10.  The  effiects  of  alcohol  in  a  diluted  state  upon  the  BSeeti  of 
human  body,  under  the  various  forms  of  ardent  spirits,  are  ^|||^^ 
too  well  known  to  require  detail.  They  are  certamly  those 
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Book  l  of  a  most  powerful  and  diifusive  stimulus*  In  pharmacyi 
Dividon  Il»alcohoK  generally  in  the  diluted  state,  is  very  much  cm- 
conititu-  ployed  to  extract  the  virtues  of  certain  medicinad  substaocei. 
**^^  The  solutions,  thus  formed,  are  called  tinctures,  it  b  to  be 

regretted,  however,  that  so  many  medicines  are  exhibited, 
prepared  with  this  menstruum,  more  especially  in  chronic 
diseases.  Their  habitual  use  not  unfrequently  renders  the 
stimulus  ot  the  alcohol,  at  first  merely  grateful  to  the  sto- 
mach, at  last  indispensably  necessary,  to  create,  artificiaUy, 
that  comfortable  tone  of  animal  feeling,  without  which  tf 
live  is  to  be  miserable. 


SECTION  II. 

OF  ETHERS. 

Oeocni  Ethers  are  very  fragrant  and  volatile  liquids,  fonnedby 
g^J*""**^  distilling  alcohol  with  various  acids.  The  reader  has  alrtt- 
dy  been  made  acquainted  with  the  liquid  formed  by  the 
union  of  hydroguret  of  carbon  (olefiant  gas)  and  cUorine, 
under  the  name  of  chloric  ether.  Besides  diis  compouDdi 
six  distinct  ethers  have  been  described  by  chemists;  namely 
hydrochloric  (muriatic)  ether^  hydriodic  ether^  AiMtonc 
ether^  nitric  ether ^  formic  ether^  and  acetic  ether*  Three 
only  of  these  ethers  w  ill  be  described;  namely  hydrochloric, 
sulphuric  and  nitric  ethers. 

I    OF  HYDROCHLOItIC  ETHER. 

(Usual  chemical  name,  J^titriatic  Ether.) 

Hv'rochio-  1.  This  ether  may  be  obtained  by  distilling;  a  mixture  of 
J^®*^^^®n  equal  bulks  of  hydrochloric  acid  and  alcohoU  both  obtained 
cd.  as  strong  as  possibU  •  The  retort,  from  which  the  distilla- 

tion is  made,  must  have  a  tube  luted  to  its  beak,  which 
should  communicate  with  a  glass  jar,  half  full  of  water, 
and  fumishfd  with  three  mouths.  From  the  middle  mouth, 
a  tube  of  safety  should  proceed;  and  from  the  third  mouth, 
a  tube,  so  connected  with  the  pneumatic  trough,  as  to  ena» 
ble  the  operator  to  collect  the  gaseous  product.  As  soon  as 
the  heat  is  applied,  the  gaseous  product  passes  to  the  vessrk 
in  the  water  trough;  while  any  alcohol,  acid  or  water,  which 
may  be  driven  over,  is  arrested  in  the  jar  with  the  three 
mouths.  The  g-.ts  thus  obtained  is  hydrochloric  ether. 
Fropeitien.  2.  Hydrochloric  etherial  gas  has  the  strong  smell  of  ether, 
and  a  sweetish  taste.  Its  specific  gravity  is  2*219.  When 
exposed  to  a  cold  of  52^,  it  is  condensed  into  a  liquid,  in 
which  state  it  is  colourless  and  has  the  same  taste  and 
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smell  as  when  in  the  form  of  gas.  At  the  temperature  of  Chap.  T. 
41**,  its  specific  gravity  is  0»874.  It  bums  readily  with  a 
green  flame;  and,  at  the  same  time,  a  very  considerable 
portion  of  hydrochloric  acid  is  disengaged  in  a  state  of  va- 
pour* Notwithstanding,  the  presence  of  this  acid  is  not 
indicated  by  the  usual  tests* 

3.  This  ether  is  composed  of  Compoii. 

Hydrochloric  acid    29*44  **®''- 

Carbon  36-61 

Oxygen  23*31 

Hydrogen  10*64 

100-00 

II.  OF  SULPHURIC  ETHER. 
(Formeriy  caUed,  Vitri^ie  Ether,) 

1.  Sulphuric  ether  may  be  prepared  by  distilling  a  mix- Solphariis 
ture  oi  equal  parts  of  alcohol  and  sulphuric  acid,  in  a  retort,  ^'^'^J?^** 
to  which  is  luted  a  large  receiver,  surrounded  with  ice  or  ^*" 
cold  water.   A  vapour  comes  over,  which  condenses  in  the 
receiver  and  runs  down  its  sides  in  strise.  This  condensed 
vapour  is  the  sulphuric  ether.   It  is  rendered  impure,  how- 
ever, by  admixture  of  sulphurous  acid,  alcohol  and  water. 

It  may  be  purified  from  the  first,  by  mixture  with  a  lit- 
tle water  and  a  portion  of  lime,  and  a  re-distillation.  It 
may  be  depriyed  of  the  water,  by  mixture  with  dry  pulve- 
rized carbonate  of  potash.  The  alcohol  is  separated  by 
means  of  dry  chloride  of  calcium  (muriate  of  lime),  which 
combines  with  it  and  sinks,  while  the  pure  ether  remains 
swimming  on  the  top.  By  pursuing  these  methods  of  puri- 
fication, sulphuric  ether  has  been  obtained  of  the  specific 
gravity  of  0  632,  at  the  temperature  of  60^. 

2.  Sulphuric  ether  is  a  colourless  liquid,  of  a  very  fra-  Properties, 
grant  smell  and  hot  pungent  taste.    It  is  exceedingly  vola- 
tile and  vaporizable.    When  poured  out  in  the  open  air,  it 
disappears  in  an  instant,  being  converted  into  vapour,  and 
produces,  by  its  evaporation,  a  very  considerable  degree  of 

cold.  If  a  glass  vessel,  containing  water  and  surrounded 
with  a  cloth,  be  dipped  in  ether  for  several  successive  times, 
after  it  has  previously  evaporated,  the  water  in  the  vessel 
will  be  converted  into  ice.  This  ether  does  not  combine 
with  water.  At  the  temperature  of  98°,  in  the  open  air,  it 
boils;  but  it  boils  at  a  temperature  of  — *  20"  in  a  vacuum. 
Its  freezing  point  is  at  the  temperature  of  —  46®.  The 
specific  gravity  of  its  vapour  is  2*58.  It  is  very  inflammable; 
and  when  kindled  in  a  state  of  vapour,  it  bums  rapidly  with 
a  fine  white  flame*  * 
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DMvwa  U.  Hydrogen  14*40 

Compou-  Carbon  67*98 

Oxygen  1 7-62 


tion. 
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4.  Sulphuric  ether,  mixed  with  twice  its  weight  of  aloo- 
hoi,  forms  the  sulphuric  ether  with  alcohol  of  the  Edbborgh 
college;  formerly  called  the  dulcified  spirit  of  vitrioL  This 
compound  is  used  in  the  formation  of  some  ethereal  noc- 
tures. When  prepared  with  cinnamon  and  other  aronatics, 
it  forms  the  aromatic  sulphuric  ether  with  alcohol  of  the 
same  college.  It  enters  also  into  the  composition  of  the 
anodyne  liquor  of  HoiF  nan. 
Elixir  of  5.  The  aromatic  sulphuric  acid  of  the  Edinburgh  coOege, 
titrioL  usually  called  the  elixir  of  vitriol^  is,  in  fact,  an  aromatic  sul- 
phuric ether  with  sulphuric  acid.  It  is  formed  by  dropping, 
fi;radually,  one  part  of  sulphuric  acid  upon  four  parts  (X  alco- 
hol, and  digesting  the  mixture  in  a  close  vessel,  at  a  gende 
heat,  tor  several  days;  at  the  end  of  which  Ume,  the  aromattcs 
are  added. 

in.  OF  NITRIC  ETHER. 

Nitric  eth-      1.  Thenard  has  ascertained,  that  the  liquid,  herctofefft 
nUonT^'  considered  as  nitric  ether,  is  in  fact  a  mixture  of  akobol, 
water,  ether,  nitrous  and  acetic  acids.  To  obtain  nitikcdicf 
pure,  this  chemist  devised  the  following  process:  Pour  equil 
weights  of  alcohol,  and  nitric  acid  of  the  8]>ecific  gravity  of 
1*283,  into  a  retort.  Prepare  an  apparatus,  consisting  o( 
five  tall  and  narrow  glass  jars,  half  filled  with  a  saturated 
solution  of  chloride  of  sodium  (common  salt),  and  connectp 
ed  together  by  means  of  a  series  of  bent  tubes.    This  coor 
nection  by  tubes  is  to  be  arranged  in  the  following  mannen 
the  first  tube  is  to  pass  from  the  top  of  the  first  jar  to  the 
bottom  of  the  second  jar;  the  second  tube,  from  the  top  of 
the  second  jar  to  the  bottom  of  the  third,  and  so  on  ot  aB 
the  rest  of  the  jars.   The  first  jar  is  then  to  be  connected 
with  the  retort  by  means  of  a  glass  tube,  one  end  of  which 
must  be  luted  to  the  beak  of  the  retort,  and  the  other  pass 
down  to  the  bottom  of  this  jar.  The  last  jar  is  connected, 
by  means  of  a  tube,  to  the  pneumatic  trough.  All  the  ian 
are  now  surrounded  by  a  mixture  of  chloride  of  sodioB 
(common  salt)  and  snow,  to  keep  them  as  cold  as  possible* 
A  moderate  heat  is  then  applied  to  the  retort.   What  gases 
become  formed  by  the  action  of  the  heat,  pass  through  the 
different  solutions  to  the  water  trough.  The  ether  itself  is 
deposited  in  the  diflPe rent  jars,  and  swims  on  the  surface  of 
the  contained  solutions.  It  is  then  separated^  and  may  be 
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freed  from  nitrous  and  acetic  acids  by  agitation,  in  a  close  Cbap.  v. 
vessel,  with  carbonate  of  lime  (chalk),  until  vegetable  blues  — — — 
are  no  longer  aiFected  by  its  action* 

2.  Nitric  ether,  when  thus  obtained,  is  a  liquid,  having  a  Properties, 
slightly  yellow  colour,  and  a  very  strong  ethereal  odour*  Its 
taste  is  peculiar  and  strong*  It  is  somewhat  heavier  than 
alcohol,  and  much  more  volatile  than  sulphuric  ether.  It  is 
but  sparingly  soluble  in  water,  but  dissolves  in  alcohol  in 
every  proportion.  It  burns  brilliantly  with  a  white  flame, 
like  sulphuric  ether.  When  kept  for  some  time  or  heated, 
or  when  agitated  with  water,  both  nitrous  and  acetic  acids 
become  formed.  It  is  liquid  at  the  temperature  of  70^,  and 
when  the  barometer  stands  at  30  inches;  but  if  the  heat  be 
increased  beyond  this  temperature,  or  the  barometrical  pres- 
sure lessened,  it  assumes  the  form  of  a  vapour. 

Compoii- 
tion. 


3.  It  is  composed  of 

Oxygen 

48*52 

Carbon 

28*45 

Azote 

14*49 

Hydrogen 

8*54 

lOOOO 
The  above  is  an  analysis  performed  by  Thenard.  It  does 
not  agree  well  with  the  atomic  theory.    It  is  perceived  that 
this  ether  differs  from  other  ethers  in  containing  azote  as  a 
constituent. 

4.  The  nitrous  ether  of  the  Dublin  college  is  an  impure  Nitraot 
nitric  ether.    It  is  formed  by  pouring  a  mixture  of  alcohol  f^**^}!^}. 
and  sulphuric  acid  upon  dry  and  coarsely  powdered  nitrate  trie  ether. 
of  potash  (nitre),  placed  in  a  retort.  The  retort  is  furnished 
with  a  receiver,  which  must  be  kept  cool  by  means  of  water 
or  snow.  No  artificial  heat  is  requisite  to  produce  the  proper 
degree  of  action. 

The  spirit  of  nitrous  ether  Tsweet  spirit  of  nitre)  may  be  Sveet  tpU 
considered  a  mixture  of  nitric  ether  and  alcohol.    It  writ  of  nitre, 
formed  by  distilling  a  mixture  of  one  part  of  nitrous  acid  ^nitric 
of  the  shops  and  three  parts  of  alcohol,  by  the  heat  of  boil-  «ther  and. 
iog  water,  into  a  receiver  kept  cool  by  cold  water  or  snow.  ' 

The  mixture  of  the  acid  and  alcohol  is  made  by  adding  the 
former  by  degrees  to  the  latter,  contained  in  a  capacious 
phial  immersed  in  cold  water,  and  agitating  the  whole  at 
every  addition.  The  mixture  must  then  be  kept  for  seven 
days,  before  it  is  exposed  to  heat. 

Spirit  of  nitrous  ether  constitutes  a  very  valuable  medi-  lu  medical 
cine.  Its  chief  property  is  that  of  a  stimulating  diaphoretic;  properiiet. 
which  fits  it  for  exhibition  in  the  latter  stages  of  fevers, 
where  the  skin  remains  dry,  and  the  febrile  action  has  be- 
gun to  abate. 
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SECTION  III. 

OF  VOLATILE  OILS. 

I.  There  are  a  great  number  of  these  substances.  It  it 
not  intended,  however,  to  give  an  account  of  each  of  them 
individually;  their  general  characters  only  will  be  noticed. 
Oeoeral  2.  Volatile  oils  may  be  distinguished  by  the  foUowiog 

SfvoUtuT  general  properties.  They  are  usually  liquid;  but  some- 
oils,  times  they  have  the  consistence  of  butter.  Their  taste  is 
acrid,  and  their  smell,  strong  and  fragrant.  They  are  volati- 
lized by  a  heat  under  212^.  They  are  soluble  in  alcohd, 
and  but  imperfectly  so  in  water.  When  dropped  upon  paper 
and  exposed  to  a  gentle  heat,  they  evaporate  entirely  with- 
out leaving  a  greasy  stain.  This  last  circumstance,  particu- 
larly, distinguishes  them  from  the  fixed  oils. 

3.  Volatile  oils  are  almost  all  obtained  from  vegetables; 
and  from  every  part  of  the  plant,  except  the  substance  of 
the  cotyledons.  On  the  contrary,  the  fixed  oils  are  generally 
contained  in  these  portions  of  the  plant* 
Mediod  of  4.  Sometimes  volatile  oils  are  obtained  by  simple  expres- 
tbem^*°^  sion;  but,  in  general,  they  can  be  extracted  only  by  distilla- 
tion. The  method  is  to  put  the  part  of  the  plant,  coatuning 
the  oil,  in  a  still  with  water,  and  to  apply  a  gentle  heat:  the 
volatile  oil  is  driven  over  with  the  water,  and  is  found  swim- 
ming on  its  surface. 

5.  The  specific  gravity  of  the  volatile  oils  is  very  various. 
Most  generally,  however,  it  is  below  that  of  water.  The 
point  at  which   different  volatile  oils   congeal   varies  very 
much  also.  Oil  of  anise  and  of  fennel  become  solid  at  50^, 
and  oil  of  turpentine  begins  to  melt  at  14*^.  Several  volatile 
oils  require  a  cold  as  low  as   —  17°  for  their  congelation* 
Effecte  of        6.  When  volatile  oils   are   exposed  to  the  open  air,  their 
exposure  to  ^qIq^j.  grmi^ally  deepens,  their  odour  diminishes,  and  they 
become  more  viscid.   By  long  exposure,  they  at  last  assume 
the  appearance  of  resins.    When   sufficiently  heated,  they 
take  fire  and  bum  with  a  clear  bright  flame,  emitting  a  vast 
quantity  of  smoke.  The  products  of  their  combustion,  be- 
sides the  soot,  are  water  and  carbonic  acid. 
Action  of         7»  Volatile  oils,  by  the  action  of  chlorine,  are  converted 
chlorine      j^to  a  yellow  resinous  substance.   Oil  of  turpentine,  in  a 
*"'  state  of  vapour,  passed  through  a  glass  tube  along  with  this 
supporter,  combines  with  it,  and  forms  a  thick,  heavy,  white 
oil,  which  sinks  immediately  in  water,  and  has  a  taste  and 
smell  resembling  that  of  nutmegs. 
Tliey  dis-        8.  Volatile  oils  dissolve  a  portion  of  sulphur.  When  di- 
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abated  upon  this  substance,  at  the  temperature  at  which  it  Chap.  V. 
onelts,  they  dissolve  a  portion  of  it,  and  acquire  a  brown  ^^^  ^^* 
:olour  and  a  disagreeable  taste  and  smell.  These  combina-  phurand 
doDS  are  called  balsams  of  sulphur.  Volatile  oils  also  dis-  P'><>*P^<^ 
K>Ive  a  small  portion  of  phosphorus  at  a  digesting  heat. 
Hit  they  deposite  it  again  as  they  cool.    They  are  all  more 
yr  less  soluble  in  alcohol,  ether,  and  the  fixed  oils. 

9.  Sulphuric  acid  acts  with  considerable  energy  upon  the  Aetk>n  of 
rotatile  oils.  It  first  dissolves  them,  then  converts  them  *|j*  "J^J^*. 
into  a  substance  of  a  resinous  nature,  and  ultimately  into  oq  them. 
charcoal*    Hydrochloric  acid  has  much  less  action   upon 

them  than  sulphuric  acid:  it  combines  with  the  oil  of  tur- 
pentine, and  forms  a  compound  very  similar  in  appearance 
to  camphor.  Nitric  acid,  when  thrown  upon  them  suddenly 
in  m  concentrated  state,  generally  sets  them  on  fire;  but 
when  sufficiendy  diluted,  it  effects  their  solution,  and  con- 
verts them  into  a  yellow  substance,  resembling  resin. 

10.  Volatile  oils  are  found  to  consist  of  hydrogen,  carbon 
and  oxygen,  united  in  various  proportions;  but  no  exact 
analysis  has  been  made  of  them. 

11.  Some  of  the  volatile  oils  are  used  in  the  arts.  They  Their  oiei 
give  to  different  perfumes  their  odorous  properties.  The  oil  *°  ^^  ■^' 
of  turpentine  is  used  to  dissolve  resins,  which  are  afterwards 
employed  as  varnishes  and  for  many  other  purposes* 

12*  A  great  many  volatile  oils  are  employed  in  medicine*  and  in  me- 
Their  chief  use  is  to  conceal  the  taste  of  the  more  nau-***^*°*' 
aeous  medicines,  by  substituting  an  agreeable  pungency.  In 
many  cases,  the  medicinal  virtues  of  the  substances,  from 
which  they  are  obtained,  are  preserved  in  the  oil  itself. 
Thus  it  is  found  that  the  oil  of  juniper  berries  is  diuretic; 
that  of  scurvy-grass,  antiscorbutic;  that. of  mint,  stomachic, 
and  so  of  many  others.  The  most  important  volatile  oil,  in 
a  medical  point  of  view,  is  the  volatile  oil  of  turpentine 
(spirit  of  turpentine).  It  is  obtained  by  distilling  the  com- 
mon oil  of  turpentine  along  with  water.  Its  principal 
properties  are  those  of  a  diaphoretic  and  diuretic.  When 
given  in  large  doses,  it  operates  with  great  power  upon  the 
urinary  organs.  This  oil  certainly  deserves  more  attention 
than  is  generally  bestowed  upon  it  by  the  practitioners  of 
the  United  States. 
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SECTION  IV. 

OF  FIXED  OILJ5. 

General  1.  The  fixed  Oils  have  the  following  general  properdesi 

oftCc'Sed^^y  are  usually  liquids,  possessing  a  certain  degree  of 
oils.  viscidity,  and  having  an  unctuous  feel  and  mild  taste.  Thej 

are  very  combustible,  and  are  insoluble  in  water,  and  nearly 
so  in  alcohol.  Their  boiling  point  is  above  600^*  When 
dropped  upon  paper,  they  leave  a  greasy  stain,  which  is  not 
removed  by  exposure  to  a  gentle  heat. 

2.  Fixed  oils  are  obtained  from  both  animal  and  vegeta- 
ble substances  by  simple  expression.  They  are  all  lighter 
than  water;  but  they  diflfer  from  one  another  in  the  degree 
of  their  specific  gravity* 
Their  eom-  3,  Fixed  Oils,  in  a  state  of  vapour,  catch  fire  on  die  ap-* 
^J^***^proach  of  an  ignited  body,  and  bum  with  a  yellowish-white 
flame.  It  is  on  this  property  of  the  fixed  oils,  that  the  burn- 
ing of  lamps  and  candles  depends.  By  the  approach  of  an 
ignited  body  to  the  wick,  it  catches  fire;  and  sufficient  heat 
is  thereby  produced  to  convert  a  portion  of  the  tallow  or 
oil  into  vapour,  which  immediately  takes  fire  in  the  wick. 
The  heat  thus  generated  is  sufficient  to  convert  a  fresh  por- 
tion of  the  tallow  or  oil  into  vapour,  which  in  its  turn  in- 
flames. In  this  manner,  the  flame  is  preserved  as  long  as 
any  tallow  or  oil  remains.  The  products  of  this  combustion 
are  water  and  carbonic  acid. 

4.  All  the  fixed  oils,  which  are  liquid  at  the  common 
temperature  of  the  atmosphere,  lose  their  liquidity  when 
exposed  to  a  sufficient  degree  of  cold;  but  the  congealing 
points  of  diflfcrent  oils  are  exceedingly  various. 

5.  All  the  fixed  oils,  when  jexposed  to  the  air,  gradually 
absorb  oxygen,  become  more  and  more  viscid,  and  are  at 
last  converted  into  solids.  Some  oils,  after  having  under- 
gone this  change,  remain  transparent,  while  others  become 

jpividetlin-  Opaque  like  tallow.  Those  which  remain  transparent  arc 
di8^anl??iit  c^^^^^  drying  oils;  while  those  which  become  opaque  are 
oils.  denominated  fat  oils. 

OiUmaybc      6.  Most  of  the  fixed  oils  may  be  converted  into  dr)'ing 

ine  arilfici-  °*^®  ^^  artificial  management,  and  are  thereby  rendered  fit 

ally.  for    use    by  the  painter   and  varnisher.  The   management 

Manner  in  consists  in  hoilinc  the  oil  for  some  time  in  an  iron  pot.  It 

Udone        thereby  acquires  a  deeper  colour  and  greater  consistency, 

owing  to  a  partial  decomposition;  there  being  abundance  of 

watery  vapour  and  hydrogurct  of  carbon  separated  during 

the  boiling.  For  some  purposes,  the  oil  is  set  on  fire  and 
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allowed  to  bum  for  some  time,  when  it  i&  extinguished  by  Chap.  v. 
covering  the  vessel  in  which  it  is  contained;  after  which  "**"' 

the  boiling  is  continued,  until  the  oil  acquires  the  necessary 
viscidity,  and  loses,  in  a  great  measure,  its  unctuous  quali* 
ties.  It  is  common  also,  in  many  cases,  in  forming  the  dry* 
ing  oils,  to  boil  theni  with  a  portion  of  the  semi-vitrified 
oxide  of  lead  (litharge).  The  change  which  takes  place  in 
oils,  whereby  tfiey  are  rendered  drying,  is  not  well  under- 
stood. 

7«  The  fixed  oils  dissolve  a  small  portion  of  phosphorus  Fixed  oiu 
by  the  assistance  of  heat.  They  dissolve  readily  a  portion  pjmho- 
of  sulphur,  by  the  same  agency.  The  solution  formed  is  mt  and  sul- 
of  a  reddish  colour,  and  when  allowed  to  cool,  deposites  V>^^^' 
the  sulphur  in  crystals. 

8.  The  fixed  oils  are  insoluble  in  water.  When  agitated  They  tre 
with  water,  the  mixture  assumes  a  milky  appearance;  but  ^JJ|^^^*  *" 
upon  rest,  the  two  liquids  gradually  separate,  the  oil  swim- 
ming above  the  water.  If  a  mucilaginous  substance,  such  as 

gum  arable,  be  incorporated  with  the  mixture,  it  becomes  a 
kind  of  bond  of  union  to  the  oil  and  water,  which  now  con- 
stitute a  permanendy  milky  compound.  These  mixtures  of 
oil  and  water,  by  means  of  mucilage,  are  called  emulsions. 
When  oily  seeds,  such  as  almonds,  are  triturated  with 
water,  the  same  kind  of  mixture  is  formed;  because,  in 
these  seeds,  a  mixture  of  oil  and  mucilage  exists  ready 
formed. 

9.  Most  of  the  fixed  oils  are  but  sparingly  soluble  iuAndbot 
alcohol.  This  liquid  takes  up  very  little  olive  or  almond  JP.*^??^/ 
oil,  but  somewhat  more  of  linseed  oil;  whereas  it  dissolves  alcohol. 
any  quantity  of  castor  oil.  In  general  these  oils  are  more 
soluble  in  sulphuric  ether  than  in   alcohol.  Like  alcohol, 
sulphuric  ether  dissolves  any  quantity  of  castor  oil. 

10.  The   fixed  oils  unite  readily  with  the  alkaline  and  They  tinite 
earthy  salifiable  bases,  and  form  compounds  called  soaps.  ^I^^mc^^ 
But  it  would  appear,  that   they  do  not  unite  with  these 
bodies  as  oils,  but  undergo  a  singular  change,  at  the  mo- 
ment of  saponification,  which  will  be  explained  hereafter. 

They  also  combine  with  salifiable  bases  of  the  third  class, 
commonly  called  metallic  oxides,  and  form  compounds  called 
plasters. 

11.  The  action  of  acids  upon  the  fixed  oils  has  been  but  Action  of 
very  imperfectly  ascertained.  Sulphuric  acid  acts  upon  them  ^^  ^,, 
wiui  considerable  energy;  they  are  at  first  converted  into  a 
black  substance  resembling  bitumen;  but  if  the  action  of 

the  acid  be  allowed  to  continue  long  enough,  they  are  ulti- 
mately entirely  decomposed  into  water,  charcoal,  and  an 
acid.  Nitric  acid  has  a  more  powerful  action  upon  them. 
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Book  f .    ^Vhen  poured  suddenly  upon  the  drying  oils,  Aey  are  set 
DivMioo  il.  on  fir^..  The  same  effect  is  produced  upon  the  fat  oils,  if 
the  nitric  acid  employed  be  previously  mixed  with  a  portkm 
of  sulphuric  acid.  Nitric  acid,  sufficiently  diluted,  converti 
the  drying  oils  into  a  substmce  like  resin,  and  fat  oils  into 
a  mass  resembling  tallow* 
Baneidity         12.  Fixed  oils,  upon  keeping,  are  liable  to  undergo  a 
flcpiained.   change,  which  is  known  by  the  name  of  rancidity.  They 
become  thick,  and  acquire  a  brown  colour,  an  acnd  taste, 
and  a  disagreeable  smell.   It  is  generally  supposed  dnt  this 
change  depends  upon  the  presence  of  mucilaginous  matter, 
which  many  oils  when  newly  extracted  conuio;  but  how 
this  matter  acts  is  not  known.  Ii  is  ascertained,  howeveri 
that  an  acid  is  generated  during  the  conversion;  since  ran* 
cid  oils  have  the  property  of  changing  vegetaUe  Uues  to 
red. 
Fixed  oils        13.  The  fixed  oils  are  of  indispensable  use  in  pharoMcy. 
"J^J^Jj^   Under  the  forms  of  tallow,  mutton-suet  and  hogslard,  they 
constitute  the  basis  of  all  kinds  of  ointments  and  plastciSi 
Among  the  most  useful  of  them  are  the  olive  and  castor 
oils.   The  latter  furnishes  the  physician  with  an  cxceUcnt 
mild  purgative. 
Ultimate         14-  The  fixed  oils  are  compounds  of  hydrogen,  carbon 
constitii-     and  oxygen,  united  in  various  proportions.   The  only  fixed 
cd^u.  '   ^i'  which  has  been  accurately  analyzed  is  the  olive  oiL  Its 
constituents  were  ascertained  by  Gay- Lussac  and  Thenard, 
by  burning  a  determinate  quantity  of  it,  mixed  with  chlo- 
rate of  potash.  They  are 

Hydrogen         13-r60 
Carbon  77*213 

Oxygen  9-427 

100  000 

The  above   analysis  is  given  without  reference  to  the 
atomic  theory,  with  which  it  does  not  well  accord. 

15.  The  constituents  just  stated  for  the  fixed  oils  may  be 
called  their  ultimate  constituents.  Besides  these,  by  a  pecu- 
liar mode  of  analysis,  they  mav  be  resolved  into  two  dis- 
tinct  substances,  which  may  with  propriety  be  called  their 
Proximate  proximate  constituents.^  These  substances  were  discovered 
oonttitu.     by  Chevrcul  in  1814,  as  the  proximate  constituents  of  all 
fixed  oiu    l^iti^s  of  animal  fat;  and  in  the  succeeding  year,  Braconoot 
Are  two  ne- proved  that  a  similar  constitution  obtained  in  the  fixed  oils 
stance^      ^^  ^^^  Vegetable  kingdom.  An  account  of  these  two  sub- 
ctilkfi         stances,  under  the  names  of  stearin  and  eldin^  appellations 
*J^?'*"* '°*^  assigned  to  them  by  Chcvreul,  will  form  a  ver\*  proper  se- 
quel to  the  present  section  on  the  fixed  oils. 
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t  OF  STEARIN.*  ^^^'T,:, 

I.  This  subetaDce  may  be  obuined  by  treating  purified  Steftrin; 
faogalard  w  th  boiling  alcohnL  As  the  alcohol  cools,  a  white  e^  br^^' 
crystalline  substance  is  deposited,  which  is  stt  arin.  CtieTreuL 

%•  Hogslard,  being  an  animal  fat,  is  composed,  as  has 
been  already  mentioned,  of  su  arin  and  el  in;  the  former  is 
soluble  in  boiling  alcohol  only;  the  latter,  in  alcohol  whether 
liot  or  cold.  It  is  on  this  account,  that  the  stearin  is  obtain- 
ed in  a  separate  state  by  the  process  just  given;  for  the 
alcohol,  upon  cooling,  is  no  longer  able  to  hold  in  solution 
die  stearin,  which  is  therefore  deposited,  while  the  elain  still 
remains  in  solution. 

3.  The  above  method  for  obtaining  stearin  is  that  of  Method  of 
ChevreuL  Braconnot  employs  a  simpler  one.  It  consists  in  Bnoomiot. 
this:  if  the  oil  to  be  analyzed  is  in  a  liquid  state,  it  is  first 
congealed,  and  afterwards  subjected  to  strong  pressure  be- 
tween the  folds  of  blotting  paper.  The  elain  is  imbibed  by 
die  paper,  while  the  steirin  remains  behind  pure.  The  con- 
crete oils  may  be  subjected  to  pressure  at  once,  without  any 
previous  preparation* 

4«  Stearin,  when  thus  obtained,  is  a  white,  brittle  sub- Propertiet 
stance,  having  some  resemblance  to  wax.    When  pure,  it  is  of  tearia. 
destitute  of  smell  or  taste.  It  does  not  alter  the  colour  of 
vegetable  blues.  It  is  somewhat  different  in  its  properties, 
according  to  the  animal  oil  from  which  it  may  be  obtained. 

n.  OF  ELAIN.t 

1.  ChevreuPs  process  for  obtaining  elain  is  to  dissolve  Einin;  pro-' 
tallow  of  some  kind  in  boiling  alcohol,  to  allow  the  stearin  e<»irorob* 
to  precipitate  by  cooling,  and  to  distil   the  alcohol  from    "^^^ 
the  elain.  Braconnot  obtains  it  from  the  paper  which  has 
imbibed  it  in  his  method  by  pressure.  The  paper  is  soaked 

in  water  and  subjected  to  pressure.  The  pure  elai'n  is  there- 
by forced  out. 

2.  Elai'n  has  very  much  the  appearance  of  a  vegetable  oil.  lu  proper- 
It  differs  considerably,  according  to  the  tallow  or  oil  from  ^^ 
which  it  may  be  separated.  Sometimes  it  is  obtained  desti- 
tute of  smell  or  colour;  but  more  usually  it  has  both,  owing 

to  the  presence  of  foreign  substances. 


The  properties  of  stearin  and  elain  having  thus  been 
briefly  given,  it  may  be  worth  while  to  state  the  propor- 

*  From  rliAft  tallov,  f  From  lAicioy,  oil- 


^^  UMIAIlFIASUfCXMMMIJjnhL 


^^   L  tioDs,  in  which  dieae  subttaacct  ^ywpWnr  in  ■evcnl  of  Ae 
P*^***  "■  more  fiuniKar  femiE  of  fiaed  oiL 

gX?;;        Butter  i.eo.po.ed  of  {J^J"      .    V    .       40     . 


OU«oiI,«f  {^.      -     .    g 

The  mopoitioiit  of  steibm  nd  ebu 
fixed  ofls  havo  alio  been  aaeertuned» 


SECTION  V. 

OF  BPBEMACglL 

^MMe.      l.Tsxienbtttnpe,  mind  with  II  lianidoi^jefiMyiJift 

fi—f^ triangidir  bony  cmtjr  in  the  head  of  uie  aperawcqii  «liri% 

iiw  «f       It  is  obtunedf  in  a  separat^state^  by  fripreaaiom  m  dUA 

^^^*^       E?^^^**  ^  ^^7  P^'^  whak  oil  is  at  Ae  swie  dne  9Bpiffaie& 

The. residuum,  after  being  freed  from  impiirideB;J|gp:lMlH 

.ing,  melting  and  straining,  and  Jasdy  by  trentmoik^iMi  i 

,weak  solution  of  potash,  is  pure  spermaceti* 

Fropertiet.     S.  When  perfectly  pure,  spermaceti  is  a  beautilul  lAite 

substance,  of  a  crystalline  appearance.  It  is  very  britde, 

and  has  scarcely  any  taste  or  smell.  Acids  have  scarcely  anf 

action  upon  it;  but  potash  and  soda  combine  with  it  slowljr, 

and  form  a  kind  of  soap.   Hot  ammonia  combines  with  it 

also,  and  becomes  converted  into  a  liquid  soap,  which  is  not 

decomposed  by  cooling  or  the  addition  of  water,  but  imsM- 

diately  upon  the  addition  of  an  acid,  the  spermaceti  being 

precipitated,  altered  in  its  properties.  Spermaceti  is  altered 

in  a  similar  manner  when  saponified  by  potash  or  soda. 


SECTION  VI. 

OF  SOAPS. 

Chemieai        SoAfs  are  formed  by  mixing  fixed  oils  with  the  diflbtst 
JJ|JJJJ[***^    salifiable  bases.   They  may  be  conveniently  divided  hrtD 
^         those  which  are  soluble  in  water,  and  those  which  are 
insoluble.  The  latter,  from  their  insolubility,  cannot  be  used 
as  detergents,  and  will  be  passed  over  without  notice.  The 
soluble  soaps  are  those  of  ammonia,  soda  and  potash* 
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SOAPS.  ^g 

L  SOAP  OF  AMMONIA.  Chap.  V. 

(Commoiily  eaDed,  Volatile  Unimeni,) 

1.  This  soap  is  very  readily  formed  by  mixing  olive  oilsoapofam- 
nd  water  of  ammonia  together.  The  proportions  directed  JJJ^JS'*®^ 
y  the  Edinburgh  college  are  eight  parts  oi  the  former,  and 
me  of  the  latter.  It  is  sometimes  prepared  by  mixing  two 
tarts  of  olive  oil  with  one  part  of  water  of  ammonia,  when 
i  strong  liniment  is  desired* 

2«  The  soap  of  ammonia  is  used,  medicinally,  as  a  stimu- 
uit  and  rubefacient.  It  is  very  frequendy  applied  to  the 
leck  in  inflammatory  sore  throat,  and  to  diflferent  parts  of 
he  body  in  rheumatisms. 

a  SOAP  OF  SODA. 
(Commoolj  ealled.  Bard  Soap.) 

!•  This  soap  is  prepared  from  the  carbonate  of  soda  (soda  Soap  of  ^o«^ 
>f  commerce)  and  some  fixed  oil.  Olive  oil  is  found  to  an-  ^* 
met  best,  and  next  to  it,  tallow.^The  oudine  of  the  process  tioS"*' 
8  as  follows:  Any  quantity  of  the  soda  of  commerce  (car- 
)onate  of  soda)  is  mixed  with  about  one-fifth  of  its  weight 
»f  lime,  which  has  been  previously  slaked  and  passed 
dirough  a  sieve.  A  quantity  of  water  is  poured  over  this 
mixture  sufficient  to  cover  it,  and  allowed  to  remain  for 
several  hours.  The  lime  attracts  the  carbonic  acid  from  the 
Boda,  so  that  the  liquid  becomes  a  solution  of  pure  soda.  The 
solution  is  then  drawn  off,  and  two  other  solutions  made, 
by  allowing  fresh  portions  of  water  to  stand  upon  the  re- 
siduum for  two  or  three  hours,  at  successive  times.  A 
quantity  of  oil,  equal  to  six  times  the  weight  of  the  soda 
employed,  is  then  put  into  a  boiler,  together  with  a  portion 
of  the  weakest  solution,  and  the  whole  subjected  to  boiling, 
with  constant  agitation.  As  the  boiling  continues,  the  whole 
of  the  third,  and  then  the  second  solution  of  the  soda  are 
added  at  intervals.  The  mixture  assumes  a  milky  appear*- 
ance,  and  begins  to  acquire  some  consistence.  Part  of  the 
strongest  solution  is  now  added  to  it  at  intervals,  the  boil- 
ing and  agitation  being  still  continued.  The  soapy  substance 
at  last  begins  to  separate  from  the  watery  part;  at  which 
time,  common  salt  is  to  be  added  to  render  the  separation 
more  complete.  After  this,  the  mixture  is  still  exposed  to 
a  boiling  heat  for  several  hours  longer,  when  the  fire  is 
withdrawn  and  the  mass  allowed  to  cool.  After  a  few  hours' 
repose,  the  soap  is  found  completely  separated  from  the 
watery  part,  and  swimming  on  its  surface.  The  watery 
portion  is  then  drawn  off. 

To  complete  the  formation  of  the  soap,  it  is  again  exposed 
to  heat,  and,  to  facilitate  its  fusion,  a  little  weak  ley  is  added. 


mj^  unsaufiabu  onfMraumw. 

BookL   As  8oon  as  it  boils,  the  irmaindcr  of  the  sUougeat  sdudoa 
i»?iik»lL  of  the  soda  is  added  to  it  at  intervalsi  and  after  hnaa  acqohcd 
a  proper  cansisteiicy,  the  fire  is  again  wtthdrawii,  the  wateiy 
part  separating  as  txsfore.  It  is  then  heated  fer  die  tUr^ 
time,  mixed  with  a  little  water  to  form  it  into  m  pRMMr 
paste,  and  afterwards  poured  into  vessels  and  aDowea  IS 
cooL   In  a  few  days,  it  will  have  acquired  aufficMBt  oonsis- 
tency  to  be*  formed  into  cakes  for  use. 
"Soda  ibrmi     3.  Soda  forms  a  hard  soap  with  a  great  varietf  af  oilt; 
■  vw^y^'^^^  ^^  appears  that  linseed  oil  and  whale  oil  are  not  proper 
azeddb.    for  the  tabrication  of  this  kind  of  soap*  Soda  and  taDov 
form  a  white  hard  soap.  The  common  yellow  aoap  is  fann- 
ed of  the  same  ingredients,  with  the  admixture  ca  a  com- 
derable  portion  of  rosin. 

III.  SOAP  OF  POTASa 
(Commoalj  ealledy  S^  99t^^ 

Soaporpot-      !•  When  potash  is  substituted  fer  soda  in  the  liiiBMlioa 

TCd'in  tihSr' ^^  soap,  precisely  the  same  process  is  empkqfcd  as  far 

mMom  W9J   making  a  soap  of  soda*  There  is  this  difference,  howcvcTi 

2^*<"P  between  this  soap  and  the  one  last  described,  that  it  CMoOt 

be  made  to  assume  the  solid  form.  A  hard  soap,  itis  tmsi 

may  be  formed  from  soft  soap  by  the  addition  of  common 

salt;  but  in  this  case,  the  soap  of  potash  is  changed  into  a 

aoap  of  soda;  the  common  salt  being  deoomposed^  and 

thereby  afibnUng  soda,  which  displaces  the  potash* 

Theprozi-  It  has  already  been  mentioned,  that  the  fixed  oils,  bj' 
■tit!f  ^°of  <^o°^^i°i"S  ^'^^  salifiable  bases,  undergo  a  change,  whick 
fixed  oils,  was  promised  to  be  explained  hereafter.  It  is  found,  tfast, 
oonyerted  when  these  oils  are  saponified,  their  proximate  constituent! 
hj  saponifi-  Stearin  and  elain  become  acid  substances.  This  is  also  true 
ettion;  with  regard  to  spermaceti.  These  facts  were  ascertained  in 
^•ngepro- 1813,  by  Chevrcul.  This  chemist  gives  the  name  of 
duoed  also  Margaric  acid  to  steiirinO 

on^sperma-  Oleic  acid  to  elain,  and    Las  altered  by  saponification. 

Cctic  acid  to  spermaceti,  J 

The  present  chapter  upon  soaps  will  be  closed  by  an  account 

of  these  acids. 

IV.  MARGARIC*  ACID. 
Msrgario         1*  This  acid  was  obtained  by  Chevreul  by  the  following 
J|«^»  how    process:  A  soap,  formed  by  means  of  hogslard  and  potash, 
was  treated  with  water,  whereby  part  of  it  became  dissolved, 
and  part  remained  insoluble.  The  insoluble  portion  is  s 
■ -  — »- 

*  From  fUL^ya^hti  •  pcari;  \u  ooDseiiiienee  of  its  peari*whtta  colow. 


obuioed. 
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GCMnpomid  of  margaric  acid  and  potash.  It  was  decompos-  Cbap.  v 
edf  and  its  acid  part  set  at  liberty,  by  means  of  bydrochliMric 
acid* 

%  Margaric  acid  has  a  pearl-white  colour.  It  is  destitute  lu  proper- 
if  taate,  and  has  a  weak  smell  like  that  of  white  wax.    It  is  ^^ 
i^^iter  than  water.  It  melts  in  a  gentle  heat,  and  crystallizes 
QDCHi  cooling  in  brilliant  white  needles.  It  reddens  vege* 
able  blues.   It  is  capable  of  combining  with  several  of  the 
tafifiable  bases,  and  forms  compounds  analogous  to  salts. 

V.  OLEIC  ACID. 

1.  This  acid  was  obtained  by  Chevreul  from  the  soluble  oieie  lead; 
part  of  the  soap  of  poush  formed  from  hogslard.    This^^**'^" 
part  was  found  to  be  an  oleate  of  potash.  By  treatment  with 
tartaric  acid,  it  is  decomposed  and  its  acid  stparated. 

2.  Oleic  acid   is  an   oily  liquid,  destitute  of  smell  or  fti  proper- 
colour  when  perfecdy  pure;  but  usually  having  a  rancid  ^^^' 
odour,  and  a  yellow  or  brown  colour.    It  is  insoluble  in 
water,  but  very  soluble  in  alcohol.  It  changes  vegetable 

Uuea  to  red.  It  is  lighter  than  water.  Its  point  of  congela- 
tioD  is  various,  as  obtained  from  different  saponified  oils.  It 
imites  with  a  number  of  the  salifiable  bases,  and  forms 
compounds  analogous  to  salts. 

Margaric  and  oleic  acids  have  been  obtained  from  several 
saponified  animal  fats,  and  are  always  found  to  have  very 
nearly  the  same  properties.  If  ChevreuPs  experiments  may 
be  depended  upon,  then  every  species  of  soap,  formed  from 
tlie  fixed  oils,  contains  tK)th  margaric  and  oleic  acids;  since 
these  are  the  substances,  into  which  the  proximate  compo- 
nent parts  of  the  oils  are  converted  during  saponification. 

VI.  CETIC  ACU). 

1.  When  spermaceti  is  saponified  by  potash,  and  decom- Cetic  aeid; 
posed  by  an  acid,  the  matter  deposited  is  not  spermaceti,  ^^  obuia- 
but  a  substance  resembling  it,  possessing  acid  properties. 

This  substance,  Chevreul  has  called  cetic  acid. 

2.  Cetic  acid  is  a  white  solid,  destitute  of  taste  or  smell.  lu  proper- 
It  melts  at  a  gentle  heat.   It  is  insoluble  in  water,  but  dis-  ^*' 
solves  readily  in  boiling  alcohol.  The  alcoholic  solution  is 
capable  of  reddening  vegetable  blues.   With  some  of  the 
salifiable  bases,  it  forms  compounds  analogous  to  salts. 


3H 
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BookL  With  the  foregoing  account  of  soaps  and  fbt  adds  pio> 
PifkiosU.  ||^ctKi  by  saponification,  the  oonsideration  of  the  compound 
ponderable  bodies  is  completed.  These  bodies  form  the 
second  division  of  ponderable  bodies^  and  cooaplete  the 
first  book  of  the  science  of  chemistry,  properly  ao  called* 
The  annt  xed  table  exhibits,  at  one  vicw^  the  classififarinn 
of  then»,  pursued  in  the  present  work. 
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TABLED 

UUrnNG  THE  ARRAKOEMENT  OF  THE  COMPOUND  PQMDSRABLE  BODIES. 


Salifiable  Bases. 


1.  Alkaline  Salifiable'BaseB.^ 


2.  Earthy  Salifiable  Bases. 


C  1*  AmmoDia. 

2.  Potash. 

3.  Soda. 

4.  Uthia. 

5.  Ume. 

6.  Barytes. 

7.  StroDtiap. 
V.  8.  Magnesia. 

f  1.  Yttria. 

I    3.  Glueina. 
J    3.  Alumina. 
^    4.  Ziroonia. 

I    5.  Thorina. 

l  6.  SiUca. 


Under  this  title  are  incloded 


3.  Salifiable  B«e,.  y^^r.^ ^i:^ T^^o^^r^^ 

"""lit*""  Ji^-"*    °n  of  »Mifi*«>le  oombustibles  of 
^     earthy  properties.  \^y^^  ^y^  sub-class. 


^  •- . 


^.^-Ai.^ 


C  ^  1 


BOOK  II. 


OF  IMPONDERABLE  BODIES. 

Under  this  title  are  included  those  substances,  which  book  It 
sanoot  be  weighed,  or  exhibited  in  separate  and  distinct  im„^,|  ' 
masses.  These  bodies  may  be  enumerated  as  liffht^  Am^  tbie  hoiiie% 
Tiectrtcity  and  magnetism.    Light  and  heat  only   will  be****"^*** 
:ioticed  in  this  work.  They  will  be  treated  of  in  the  two  ted.    "^ 
roilowing  chapters* 


CHAPTER  I. 


OP  LIGHT. 


!•  It  is  intetided  to  give  a  very  cursory  sketch  only  of 
he  properties  of  light.  This  substance  is  not  legitimately 
m  object  of  chemical  investigations,  although  it  is  concern* 
tl  in  a  number  of  chemical  phenomena. 

2.  Light  is  generally  considered  to  be  a  substance^  com-  Propertiet 
iQsed  of  inconceivably  small  particles,  constantly  separating  o^^is^^ 
rom  luminous  bodies,  and  which,  by  entering  the  eye,  ex- 
He  the  phenomena  of  vision.  Some  philosophers,  however, 
onsider  light  to  consist  in  the  undulations  of  a  subtle  fluid, 

Uing  all  space,  which,  in  a  quiescent  state,  has  not  the 
>ower  of  exciting  vision  or  of  rendering  bodies  luminous. 

3.  The  most  distinctive  property  of  light  is  its  amazing  ^  mo^^ 
"docity.  It  has  been  demonstrated  by  Roemer,  a  Danish  with  great 
stronomer,  that  it  moves  at  the  rate  of  200,000  miles  in  a  "^^^^^ 
econd. 

4.  Light  moves  constantly  in  straight  lines.  It  may  be  it  ehftogei 
^equently  made  to  changr  its  direction;  but  every  new  '*•  <*"^ 
irection  will  be  a  straight  line.  As  long  as  a  ray  of  light  ^'nlg^a 
cmains  in  the  same  medium,  its  direction  remains  the  ■!««  ^^^ 
%mc;  but  if  it  pass  obliquely  from  a  rarer  to  a  denser  JJJJd  f,?  be* 
ledium,  it  takes  a  new  direction  approaching  a  perpendi-  refinctcd. 
iilar  line,  drawn  from  the  surface  of  the  new  medium,  at 

!<:  angle  of  incidence  of  the  ray.  But  if  the  ray  pass  from 
denser  to  a  rarer  medium,  it  is  turned  in  a  new  direction 
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Book  II.  from  the  perpendicular.  This  change  in  the  direction  of 
light,  when  it  passes  from  one  medium  to  another,  is  called 
Reflection  its  refraction.  When  a  ray  of  light,  passing  through  one 
deaeribcd.  medium,  Strikes  against  the  surface  of  another  with  a  cer- 
tain obliquity  of  direction,  it  is  turned  back  again  in  the 
same  medium.   This  turning  back  of  a  ray  it^one  medium, 
in  consequence  of  its  impinging  on  the  surface  of  another 
medium,  is  called  its  reflection.  The  angle,  in  which  the 
ray  falls  upon  the  new  medium,  is  called  the  angle  of  inci- 
dence; and  the  angle,  which  it  makes  with  the  same  medium 
after  it  has  assumed  its  new  direction,  is  called  the  angle  of 
reflectioD.  The  angles  of  incidence  and  reflection  are  always 
found  to  be  equal. 
Trantpa-        S.  Light,  by  falling .  upon  bodies  whose   particles   are 
""©y?*-    uniformly   arranged,   gives   rise   to   what   is  called   their 
^   ^   '      transparency.    When  light  falls  upon  a  transparent  body, 
it  passes  through  it  in  all  directions  without  impediment* 
Rays  of  light  excite  the  vision  of  the  objects  from  which 
they  proceed,  after  having  passed  through  such  bodies, 
nearly  as  well  as  when  passing  in  open  space.  It  is  probable, 
that  light  is  enabled  to  pass  through  transparent  bodies, 
without  restraint,  in  consequence  of  its  being  attracted 
equally  on  all  sides,  thereby  not  being  turned  out  of  its 
Caosetof   Straight  course.  On  the  other  hand,  bodies  are  opaque, 
opacity  and  when  the  rays  of  light  which  enter  their  surfaces  are  irre- 
wlrencr"*'  S^^^^'^y  attracted  by  their  particles,  whereby  they  are  im- 
peded and  ultimately  arrested  in  their  progress.  Bodies  are 
semi-transparent,  when  some  rays  pass  through  them,  while 
others  are  reflected  from  diiferent  points  of  their  interior 
substance. 
Light,  as  6.  Light,  as  it  is  generally  seen,   is  compounded  of 


usui 


tttiiy       seven  diflerent  kinds  of  lieht.  It  may  be  decomposed  bv 

•een,  com-  ••  i.i  i  .1  .^*..  .".  .  ^ 


pounded  df  being  passed  through  a  triangular  prism  of  glass.  It  thereby 
seven  kinds  assumes  the  form  of  an  oblong  image,  usually  called  spec- 
Ury  Hghtl'  ^^^^1  Composed  of  seven  different  coloured  portions,  each 
portion  produced  by  a  different  ray  of  light.  This  decompo- 
sition takes  place  in  consequence  of  a  difference  in  the  re* 
frangibility  of  the  component  parts  of  light.  Each  part,  in 
consequence  of  this  difference,  is  turned  off  in  a  direction 
peculiar  to  itself,  and  consequently  located  by  itself,  when 
arrested  by  the  interposition  of  an  opaque  surface.  These 
seven  component  parti  of  light,  according  to  the  colour 
which  each  excites  in  vision,  are  called  red,  orange,  yellow, 
green,  blue,  indigo  or  violet  light.  They  are  enumerated  in 
the  order  in  which  they  are  arranged  in  the  spectrum,  which 
is  also  the  order  of  their  refrangibility;  the  red  light  being 
the  least,  and  the  violet  the  most  refrangible. 


-'UGHT.  ^29 

.   /•  M^en  a  compound  ray  of  light  falls  upon  a  body,  all    Chaf.I.  . 
its  elementary  rays  may  be  absorbed  or  reflected,  or  part  ooiour  ex- 
of  them  may  be  absorbed  and  part  reflected.   When  a  body  plained, 
absorbs  the   whole  ray  of  light,  its  colour  is  said  to  be 
black;  but,  in  reality,  it  ought  to  be  said  to  have  no  colour, 
as  it  makes  not  an  absolute  but  a  neg:)tive  impression  on 
the  optic  nerve.  When  a  body  is  white,  it  is  in  consequence 
of  the  whole  ray  being  reflected  from  its  surface,  |md  en- 
tering the  eye.   When  a  body  absorbs  some  parts  of  the 
compound  ray  and  reflects  other  parts,  its  colour  is  pro- 
duced by  those  rays,  which  are  rcflc^cted.  If  the  blue  ray  be 
reflected,  while  the  rest  are  absorbed,  the  body  appears  blue; 
if  the  green  ray,  the  body  appears  gpreen;  and  if  two  or  more 
rays  are  reflected,  while  the  rest  are  absorbed,  the  body  so 
reflecting  will  be  of  a  colour  compounded  of  the  colour  of 
such  ravs. 

8.  The  absence  or  presence  of  light  produces  very  re-  Effeeti  of 
inarkable  effects  upon  different  bodies.   Plants,  in  the  open  'fj**/*^  • 
air  exposed  to  the  light  of  day,  generally  reflect  the  green  meuiUo 
ray  of  light,  or  are  green;  but  if  placed  in  a  dark  room,o3ude«. 
they  acquire  the  property  of  reflecting  the  whole  ray  of 

light  without  decomposition,  or,  in  other  words^  they  be- 
come white.  Similar  changes  take  place  in  the  ray  reflected 
from  various  metallic  oxides,  in  consequence  of  an  exposure 
to  an  increased  quantity  of  light. 

9.  The  changes,  in  the  colour  of  metallic  oxides  by  light,  Ugbt  aepa- 
arc  attended  by  a  deoxidizement  of  these  compounds.   It  ^^^* 
is  not  known  in  what  way  this  chemical  decomposition  u^  Utter. 
takes  place;  but  it  is  ascertained,  that,  of  the  different  co- 
lorific rays  already  mentioned,  the  violet  has  the  greatest 
deoxidizing  power;  and  that  this  power  decreases  gradually 
towards  the  red  end  of  the  spectrum.    It  appears  by  some 

late  experiments,  that  the  deoxidizing  power  is  possessed, 
to  a  still  greater  extent,  by  some  rays  which  are  found  a 
little  beyond  the  violet  end  of  the  spectrum.  These  rtiys 
are  not  colorific,  and,  from  their  most  remarkable  property, 
have  been  called  deoxidizing  rays. 

10.  The  sources  from  which  light  is  emitted  are  very  Soareet  of 
various.  The  principal  ones  are  the  sun,  burning  bodies,  ^*S^^' 
and  heated  bodies.  The  rays  of  the  sun  appear  to  be  com- 
pounded of  rays  of  light  and  rays  of  heat.  The  sun  is 
incomparably  the  most  abundant  source  of  light.  Bodies 
undergoing  combustion  always  emit  light  as  well  as  heat. 
Burning  bodies,  next  to  the  sun,  are  the  most  abundant 
sources  of  light.  All  bodies,  which  do  not  previously  un- 
dergo volatilization  or  combustion,  upon  being  heated  to  a 
certain  temperature,  become  luminous,  or,  in  other  words, 
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Book  II.  emit  light.  Thus  iron,  upon  ignition,  beooncs  first  red  and 
"  afterwards  white  hot.  To  this  rule,  however,  there  b  one 
exception;  the  gases  do  not  become  lominouSi  in  any  best 
to  which  they  have  as  yet  been  exposed. 


CHAPTER  n. 

OF  UBAT. 

(Chemieal  name,  Calaric.) 

The  word       ^HE  wofd  heat  IS  used  in  two  different  accepts&tti 

beat  uMd  When  a  person  speaks  of  feeling  beat,  he  alludes  to  the 

iimn^°^  sensation  produced  by  an  accession  of  heat  to  some  part  of 

tiou.         his  body.   Htrat,  therefore,  when  sp>ken  of  with  reteitiice 

to  sensations,  is  always  a  relative  term.  The  sensatioo  of 

cold  may  be  said,  in  a  philosophical  sense,  to  be  a  sensatioo 

of  heat;  that  is,  a  sensation  of  caloric  or  the  matter  of  heat 

passing  out  of  the  body.  Hence  it  appears,  that  the  matter 

of  heat  is  the  cause  of  the  sensation  both  of  heat  and  coUl; 

and  that  the  difference  in  the  impression  which  it  prodocci 

depends  alone  upon  the  direcdon  in  which  its  mockn  b 

•established  with  rtrsprct  to  the  sentient  body. 

Its  mean-        In  this  chapter,  it  is  the  matter  of  heat,  or  caloric 

"^«  •      is  the  subject  of  consideration.  The  reader  will,  therefore, 

sense!        ^^^^  ^^^^  "^^  ^^  confound  the  matter  of  heat  with  its  effects 

on  sentient  bodies. 
The  sab-        The  subject  of  caloric  will  be  treated  of  under  the  six 
jectofheat,  folio  wine:  heads: 

treated  of  ^     •t'i.  ^  r      i      • 

under  six         !•  The  nature  of  caloric. 

heads.  2.  The  agencies,  by  which  caloric  is  put  in  modon. 

3.  The  different  ways  in  which  caloric  tends  to  a  state  of 
rest,  alter  having  been  put  in  motion. 

4.  The  relative  quantities,  in  which  heat  in  a  state  of  rest 
exists  in  bodies. 

5.  The  changes  produced  by  caloric  upon  bodies. 

6.  The  different  instruments  in  common  use  for  measuring 
the  intensity  of  heat. 

These   heads  will  form  the  tides  of  the  six  following 
sections. 


SECTION  1. 

OF  THE  NATURE  OF  CALORIC. 

Two  opin-       ^*  Heat  is  considered  by  almost  all  the  philosophers  of  the 

ions  enter-  present  day  to  be  a  substance,  composed  of  inconceivably 

small  particles.  Coimt  Kumford  and  Sir  H.  Davy,  how- 
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ever,  are  of  opioioii^  that  heal  depends  upon  a  peculiar  Ciav.il 
motion,  and  is  not  owing  to  the  presence  of  a  lubtk:  fluid,  ^j^  ^itare 
which  chemists  have  designated  by  the  name  of  caloric*       of  calorie. 

2«  The  opinion,  that  the  phenomena  of  heat  depend  upon  a 
peculiar  fluid,  and  not  upon  a  pecidiar  motion  between  the 
particles  of  bodies  exhibiting  such  phenomena,  will  be 
adopted  in  the  present  chapter.  But  whether  heat  be  an 
attribute  of  matter  or  a  substance,  the  facts  detailed  in  the 
following  sections  are  not  the  less  certain. 


SECTION  II. 

OF  THE  AGENCIES  BY  WHICH  CALORIC  IS  PUT  IN  MOTION. 

1.  All  the  effiects  which  caloric  produces  depend  direct-  All  the  ef. 
ly  or  indirecdy  upon  its  motion.  Hence  the  account  of  thef^®.^'?^<^ 

'  •■  i*/«*  ••  j«t«        lone  <ie- 

agcncies  by  which  it  is  put  m  motion  is  exceedingly  im-  pend  oq 
portant.    If  it   were  impossible  to  put  caloric  in  motion,  °^<i(m»- 
there  would  be  no  means  whatever  to  ascertain  its  existence, 
so  essential  is  motion  to  the  active  state  of  caloric. 

S.  Caloric  exists  in  all  bodies,  and  when  in  a  state  of  rest.  Calorie  ex- 
in  difierent  quantities  in  each.  Upon  whatever  cause  it  may  ^^^||I  ^ 
depend,  it  is  however  certain,  that  caloric,  after  it  has  at*  diet  in  dif- 
tained  a  state  of  rest,  has  arranged  itself  in  different  propor-  ^^^"V.  . 
tional  quantities  among  all  bodies.  Now  the  relative  quan-  ^  th^M* 
titles  of  caloric,  existing  in  difierent  bodies,  with  respect  qnnnUties. 
to  which  this  fluid  is  in  a  state  of  rest,  constitute  what  is  ^iui'one^ 
called  the  different  capacities  of  such  bodies  for  caloric.        another,  ii 

3.  The  capacity   for  heat  of  different  bodies    may  be  JJ|JJ]J|?J^'l^ 
changed  by  a  variety  of  circumstances.  If  the  capacity  of  a  is  eidied 
body  be  diminished,  there  is  extricated,  and  put  in  motion  ^^^  7^^ 
in  It,  a  quantity  of  caloric,  which  is  some  time  in  leaving  heat, 
such  body,  and  in  distributing  itself  among  surrounding  i*he  eapa- 
bodies  in  quotas  proportional  to  their  respective  capacities,  <itj  of  bo- 
with  the  result  of  again  assuming  a  state  of  rest.  During  h'^/*'!^^, 
such  time,  the  body  possessing  more  than  its  quota  of  calo-  ged  b>  te- 
ric  relatively  to  surrounding  bodies,  becomes  what  is  called  J^  ^' 
hot;  and  while  the  relative  excess  of  caloric  which  such  theie  ehao- 
body    contains   is   distributinsr   itself  among   surrounding  S^P^*^ 
bodies,  it  is  said  to  be  undergoing  the  process  of  cooling,  tion  of 
At  the  same  time,  the  surrounding  bodies  themselves  are  lone, 
said  to  be  heated;  that  is,  the  absolute  quantity  of  their  heat 
is  increased  without  any  increase  in  their  capacity.  After 
some  time,  this  heating  of  the  surrounding  bodies  is  not 
perceptible;  since  gradually  more  and  more  distant  bodies 


me 
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Book  II.  assuDie  a  portion  of  the  caloric,  which  h»  become  disbv 
butablt,*  in  consequence  of  a  body  having  suffered  a  diou- 
nution  of  its  capacity,  the  case  here  suppwed. 

4.  The  state  of  rest  of  caloric  is  destroyed,  as  wdl  by  an 
increase  as  a  diminution  of  the  capacity  of  a  bodk.  Thus, 
if  the  capacity  of  a  body  be  increased,  as  it  does  not  then 
possess  its  proper  quota  of  caloric  for  its  new  capacity,  the 
.  caloric  of  surrounding  bodies  no  longer  remains  at  rest,  but 
each  surrounding  body  furnishes  caloric  in  proporticm  to 
its    individual  capucitv,  compared  with  that  of  the  body 
whose  capacity  is  increased.  This  motion  of  caloric  con- 
tinues, until  at  last  the  rcrlative  quantities  of  caloric,  in  the 
body  whose  capacity  has  been  increased,  and  in  those  which 
surround  it,  become  again  proportional  to  their  respective 
capacities,  when  it  entirely  ceases.  Now  this  new  adjust- 
ment of  caloric,  to  suit  an  increased  capacity  in  a  IxkIti 
cannot  take  place  in  a  moment,  but  requires  some  time;  and 
while  it  is  taking  place,  the  body  with  the  increased  capa- 
•>     city  is  in  the  state  of  receiving  caloric  from  any  other  body 
presented  to  it;  or,  in  other  words,  it  is  cold.  But  every  mo- 
ment, as  the  caloric  approaches  to  a  state  of  rest,  such  body 
becomes  less  and  less  cold.  After  the  caloric  has  assumed 
a  state  of  rest,  the  surrounding  bodies,  in  the  case  just  sup- 
posed, contain  less  absolute  heat  than  at  first,  a  fact  which 
is  very  evident  in»the  beginning  even  to  the  senses  but 
after  the  lapse  of  a  greater  or  less  time,  so  many  surround- 
ing bodies  are  influenced  in  the  general  tendency  to  make 
up  the  distributable  caloric,  whicFi  has  become  deficient  by 
the  supposition,  as  to  render  it  impossible  to  estimate  the 
diminished  quantity  in  each  body,  or  to  ascertain  to  what 
degree  each  has  become  cold. 
Causes  of        5.  The  view,  which  is  here  taken  of  the  subject,  supposes, 
of^caforio*  ^^^^  caloric  is  primarily  put  in  motion  by  all  causes  which 
are  of  two   influence  the  capacities  of  different  bodies.  When  the  capa- 
kinds:         ^ity  of  a  body  is  diminished,  it  possesses  a  distributable 
which  pvc  excess  of  caloric  over  surroundmg  bodies,  and  is  said  to 
rise  to  a      be  heated:  when  the  capacity  is  increased,  the  distribuuble 
bleexcest    caloric  of  a  body  becomes  defective,  the  body  itself  absorbs 
of  caionc     caloric  from  surroundinp:  bodies,  and  is  said  to  be  cold. 
jiCaii*^     Hence  the  causes  of  the  motion  of  caloric  may  be  divided 
which  ren-  into  thosc,  which  give  bodies  a  distributable  excess  of  calo- 

dcr  distri- 
butable   -— . 

heat  defec- 
tive. .*  '^^'i"  word,  as  far  as  I  know,  has  never  been  used  before.  It  is  synonjmoQi 
with  the  won!  sensible  as  applied  to  heat;  but  at  it  suited  my  purposes,  in  det- 
cribinfcthe  circumKtances  attendant  upon  the  motion  of  caionc,  better  than  ihe 
yf€vn\  sensible,  and  is  in  ils«?lf  better  calculated  to  keep  before  the  mind  thcrxact 
idea  intended  to  be  conveyed,  than  the  word  for  which  it  is  aubstituted,  I  bafc 
not  hesitated  to  adopt  it. 
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ric,  and  those  which  render  their  distributable  caloric  de-    Craf.it. 
fcctivc. 

6.  The.  causes,  which  give  bodies  a  distributable  excess  of  which  gire 
caloric,  may  nearly  all  be  referred  to  such  as  diminish  capa-  J^  ??  * 
city.  These  cnuses  are  condensatioriy  attrition  or /rictiotk,  h\^  exetn 
and  certain  chemical  changes*  Under  the  latter  head  will  of  heat  are 
be  included  combustion.  Sc«trtui- 

7«  There  are  many  familiar  instances  of  the  agency  oftionapd 
condensation  in  producing  a  distributable  excess  of  oaloric  chalT'^ 
in  bodies.  A  piece  of  iron,  by  repeated  blows  of  a  hammer,  Examplci* 
may  be  made  to  become  red-hot.  This  is  a  case  of  conden-ofadittri- 
sation,  produced  by  percussion;  and  that  this  condensation  ^I!|J^^*^f^ 
lessens  the  capacity  of  the  iron  for  heat,  is  proved  by  the  He  pitxlu- 
fiict,  that  a  piece  of  iron  once  hammered  until  it  becomes  of  ®^  by  oon- 
a   maximum   of  density  cannot  be  again  heated  by  this 
means,  unless  it  be  previously  exposed  to  a  red  heat,  and 
thereby  lessened  in  density  and  increased  in  capacity.  The 
condensation  of  air  is  capable  of  disengaging  a  sufficient 
excess  of  distributable  heat  to  produce  combustion.  Thus, 
if  a  piece  of  tinder  be  placed  in  the  bottom  of  a  syringe, 
and  the  air  contained  in  the  barrel  of  this  instrument  be  sud- 
denly compressed  upon  it,  by  quickly  urging  down  the  pis- 
ton, sufficient  distributable  heat  is  evolved  to  set  the  tinder 
on  fire.  The  collision  of  the  flint  and  steel  may  bs  mention- 
ed under  the  head  of  condensation.  By  the  stroke,  a  piece 
of  the  steel  is  driven  off  in  a  condensed  state,  which  is 
thereby  heated  sufficiently  to  take  fire  in  the  air.  The  col- 
lision of  two  flints  produces  a  distribuuble  excess  of  heat 
in  the  same  manner;  but  there  is  this  diff*erence  in  the  result, 
that  the  piece  of  flint  driven  oflF  does  not  take  fire,  being 
incapable  of  combustion. 

8.  If  the  question  be  asked,  why,  by  condensation,  the 
capacity  of  a  body  for  heat  is  decreased,  it  may  be  answer- 
ed, that  it  probably  depends  upon  the  nearer  approach  of 
the  particles  composing  a  body.  This  approach  increases 
the  repulsive  power  of  the  contained  caloric,  which  is 
thereby  made  to  fly  off"  in  the  form  of  distributable  heat. 

9.  Attrition  or  friction  is  capable  of  producing  a  distri-  Bxamptet 
butabUt  excess  of  caloric  in  bodies;  but  the  manner  in  which  ^  !jJ2J|j^ 
it  produces   this  excess  has  never  been  satisfactorily  ex-tivenfa 
olained.  There  is  found  to  be  no  condensation  or  chemical  *J;«t"»>"^ 
action  produced,  which  might  occasion  a  decrease  ot  capa- ^^ calories 
city.    It  was   certain  experiments,  made   to  ascertain   the 
quantity  of  distributable  heat  produced  by  friction,  which 
induced  Count  Rumford  to  deny  the  existence  of  heat  as  a 
substance;  and  to  conclude  that  all  the  eff'ects  attributea  to 

the  matter  of  heat  depended  entirely  upon  peculiar  motions. 

3  I 
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Book  IT.  Distributable  heat  produced  by  friction  must  therefore  be 
^  considered,  in  the  present  state  of  knowledge,  as  an  excep- 

tion from  the  general  position,  that  heat  it  thrown  into  a 
distributable  state  by  those  causes  only,  which  decrease  the 
capacities  of  bodies. 
Combat.         iQ.  Combustion  is  by  far  the  most  usual  meant,  employed 

tion  throws  -  -  ...  ....._  «^  _^ 


httt  faitoV  ^y  "^^")  ^^^  putting  caloric  in  a  distributable  state. 
dntiiiHita-  process  appears,  most  rvidently,  to  be  one,  in  which  two 
Ueiute.  bodies  by  their  union  form  a  third,  which  has  a  capacity 
for  heat  much  less  than  that  of  either  of  its  consuoirnti; 
and  hence  the  appearance  of  heat  in  a  distributable  state. 
This  theory  does  not  explain  the  appearance  of  light  in 
combustion:  but  is  it  not  probable,  that  bodies  may  have 
different  capacities  for  light  as  well  as  for  heat;  aiKi  that 
light,  during  combustion,  may  appear  in  consi-quence  of 
the  diminished  capacity  of  the  product  for  this  fluid? 

11.  The  action  which  is  going  on  in  the  sun  b  the  cause 

of  putting  a  very  large  quantity  of  heat   in   tfie  distri* 

butable  state.  Philosophers  know  nothing  of  the  kind  of 

action  going  on  in  this  great  luminary;  but,  judging  from 

the  effects  it  produces,  there  is  good  reason  for  believing, 

that  it  is  analogous  to  that  which  takes  place  in  combustioa, 

if  not  absolutelv  the  same. 

CombusiioD     IS.   Having  now  mentioned  combustion,  as  one  of  the 

Mi>i^^    means  by  which  heat  may  be  thrown  into  a  distributable 

in  various    State;  it  is  next  proper  to  give  a  short  account  of  the  most 

^*3^*-         remarkable  theories,  which  have  been,  from  time  to  time, 

invented  to  explain  this  wonderful  process. 
Stnhi'tthe-  IS.  All  the  theories,  invented  before  the  time  of  Staid, 
finiofan  ^PP^^^  ^°  ^^^^  htcii  crudc  and  unsatisfactory.  The  theory 
imparunce  of  Stahl  was  Simply  this:  all  combustible  bodies  agree  in 
It  supposed  ^'^"^^'"'"S  ^  peculiar  substance,  to  which  they  owe  their 
aninflam-  combustibility.  This  substance,  Stahl  denominated /rA/0^- 
dnt'V*""-  ^^^*  When  a  body  burns,  nothing  takes  place  but  the  se- 
parate from  paration  of  phlogiston;  and  the  light  and  heat  which  ap- 
ilio  burning  pgar  are  mere  properties  of  the  phlogiston,  when  in  a  state 
°*^*  of  motion.  The  theory  of  Stahl  was  called  the  phlogistic 
theory. 

14.  The  phlogistic  theory  remained  for  a  long  time  to 

be    almost    universallv  admitted,  as    well  because   it   was 

easily  understood,  as  that  its  ingenious  author  supported  it 

by  many  experiments  and  apparent  proofs, 

Stahl's  the-      15.  The  first  important  modification,  which  the  Stahlian 

^Jj',^"^°'"^" theory  received,  was  that  given  to  it  by  Priestley.  This 

Priestley,    chemist  found,  that,  when  a  combustible  is  allowed  to  bum 

until  it  becomes  extinguished  in  a  portion  of  air  in  a  close 

vessel,  the  air  is  altered  in  its  properties,  and  is  no  longer 
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fit  to  support  this  process.  To  account  for  the  change  pro*  Cbap.ii. 
duced  in  air  by  combustion,  he  supposed,  that  the  phlogis- 
ton  of  the  .combustible  united  with  the  oxygen  of  the  air, 
in  which  the  combustible  was  burnt.  Under  the  influence  of 
this  theory,  he  called  oxygen  gas,  dtphlogisticated  air;  that 
18^  air,  which,  by  reason  of  its  not  containmg  phlogiston,  is 
fit  to  attract  phlogiston  from  combustibles,  or,  in  other  words, 
to  cause  them  to  bum.  On  the  other  hand,  air,  which  had  been 
altered  by  combustion,  he  called  phlogisticated  air;  that  is, 
air  saturated  with  phlogiston,  derived  from  burning  bodies 
during  their  combustion.  Priestley's  modification  of  Stahl's  Priestieir's 
theory  changed  entirely  the  leading  features  of  the  latter.  "Tories 
StahPs  phlogiston  produced  the  light  and  heat  of  combus-  oomimred. 
tion:  Priestley's  phlogiston  was  no  sooner  separated  from 
the  combustible  than  it  combined  with  the  air  which  sup- 
ported the  combustion.  Stahl's  theory  required  for  combus- 
tion merely  a  combustible  and  a  sufficient  heat  to  com- 
mence the  separation  of  the  phlogiston:  Priestley's  theory, 
besides  these  prerequisites,  made  the  presence  of  some 
ix>dy  necessary  to  attract  the  phlogiston  from  the  combus- 
tible. In  Stahi's  theory,  one  set  of  bodies  only  were  con- 
cerned, namely  bodies  containing  phlogiston:  in  Priestley's 
theory,  besides  such  bodies,  a  set  to  attract  phlogiston  from 
tile  combustible  were  also  necessary.  According  to  Priest- 
ley, a  combustible  became  depHIogisticaied  by  being  burnt; 
while,  on  the  other  hand,  his  supporters  of  cotnbustion  were 
phlogisticated^  by  having  combustible  bodies  burnt  in  them. 

16.  Priestley's  theory  appeared  to  leave  unaccounted  for  PrietUey'i 
the  appearance  of  light  and  heat  during  combustion.  This  ^'*|[^^J|j|i^ 
point  Stahl  attempted  to  explain  by  referring  these  princi-  for  the  ap- 
ples to  the  motion  of  the  separated  phlogiston.  Dr.  Craw-  ,^!*^  ^ 
ford,  in  order  to  remove  this  difficulty,  made  an  addition  hint  in 

to  Priestley's  theory,  by  supposing,  that,  when  the  phlogis-  eombuitioii. 
ton  of  a  burning  body  united  with  the  air  by  which  the 
combustion  was  carried  on,  at  the  same  moment  there  is 
separated  from  such  air  a  quantity  of  light  and  heat. 

17.  The  theory,  as  amended  by  Dr.  Crawford,  was  cer- 
tainly more  satisfactory,  as  it  accounted  for  the  appearance 
of  the  light  and  heat  of  combustion;  but  still  it  contended 
for  the  existence  of  a  substance  entirely  hypothetical.  Phlo- 
giston was  supposed  to  exist  by  Stahl,  only  because  the 
supposition  was  convenient  for  him:  no  succeeding  chemist 
had  proved  its  existence  by  experiment. 

18.  To  remove  this  objection,  Kirwan  substituted  hydro- 
gen for  phlogiston,  and  attributed  to  it  almost  every  agency, 
which  had  been  previouslv  assigned  to  the  inflammable 
principle.   He  supposed,  that  every  combustible  contained 
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iionK  If.  hydrogen,  and  that,  during  combustion,  hydrogen  separated 

Ironi  the  combustible  and  combined  with  the  oxygen  of 

the  air. 

L»Tai!iier*8       19.  About  the  time  that  the  Stahlian  theory  received  in 

oiJ^rtlirne'i  ^**^  modification  from  Kirwan,  Lavoisier  made  known  to 

theSuh-    the  world  his  discoveries;  by  which  he  was  supposed  to 

limn  theory  prove,  that  in  every  case  of  combustion,  oxygen  combinet 

forms!        with  the  burning  body,  and  separates  from  the  light  and 

heat  previously  combined  with  it  when  in  the  gaseous  statCi 

The  product  is  incombustible,  since  it  is  entirely  saturated 

with  oxygen,  and  is  therefore  incapable  of  occasioning  the 

emission  of  more  light  or  heat,  by  a  further  combiasiioQ 

with  this  principle. 

20.  The  theory  of  Lavoisier,  called   the   antiphbgistic 
theory,  very  soon  overturned  the  modified  Stahlian  doctrine, 
which   had  been  previously  almost  universally  admitted 
Chemists  with  very  few  exceptions  adopted  the  new  doc- 
trine, and  had  no  longer  recourse  to  the  hypothetical  sub- 
stance phlogiston  to  explain  the  process  of  GombutUODi 
Lavoisier-        21.  The  theory  of  Lavoisier,  although  true  in  the  maia, 
tuVinsM^  neverthek'ss  has  required  considerable  modifications  toren- 
biit  o<io  .    der  it  consistent  with  the  light  of  more  modem  diaoorerici. 
sii|*)ioi-tey    Accordino;  to  Lavoisier,  oxycen  is  the  only  bodv  which  is 
tioii;  inmc-  Capable  ot  supportmg  combustion,  or,  m  other  words,  ot 
ij  (ix>f^n:  separating  from  its  light  and  heat,  in  the  act  of  conbiaiiig 
o\eH*»vr^'^h    a    combustiblf.     Subsequent   experiments,   however, 
botinii&co-  have   proved  this  position  to  he  untrui*;   for  it   has  been 
vonxl.         found,  that  several  bodies,  besides  oxygen,  combine  with 
combustibks  in  such  a  manner  as  to  exhibit  the  phenomcDi 
of  combustion.  Hcnce^  therefore,  instead  of  there  being  but 
one  supporter  of  combustion  as  Lavoisier  supposed,  there 
are  at  least  three,  if  not  four-  The  discovery  of  a  plurality 
ot   supportrrs   does  not,  however,  destroy   the    theory  ot 
Lavoisier,  it  merely  enlarges  its  boundaries. 

22.  The  reader*  has  already  been  made  acquainted  with 
the  division  ot  chemical  bodies,  with  reference  to  combus- 
tion,  into   supporters  of  combustion,   incombustibles,  sod 
combustibles.  The  foundation  of  this  division  is  very  intel- 
ligible and  need  not  be  explained  here* 
Son>eoftlie      23.  According  to  the  theory  of  Lavoisier,  the  whole  of 
?heLavr4-   ^^^  ^'5^'  ''"^  hcixx,  appearing  in  combustion,  is  furnished  by 
sienHii  the-  the    supporter.    Some    very    valid    objections    have   beeD 
j;jj>^»^*j]y*gj;  brought  against  this  supposition  by  Dr.  Thomson.    This 
Thomson,    chemist  has  observed,  that  the  quantity  of  heat  evolved  in 
combustion  is  always  greater,  the  greater  the  proportional 
qu  ntity  o'  a  supporter  which  combines  with  a  combustible; 
but  that  the  reverse  of  this  is  the  case  with  regard  to  the 
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light  emitted.  For  example,  the  heat  evolved  by  the  com«  Chaf.  IL 
bustion  of  hydrogen,  carbon,  and  phosphorus  is  greater,  in 
proportion  as  the  quantities  of  oxygen  which  they  consume 
are  greater;  but  the  light  evolved  in  the  same  process  is 

E eater  where  the  heat  is  less.  It  is  on  this  account,  that 
r*  Thomson  thinks  it  probable,  that  the  light  which  appears 
in  combustion  is  derived  from  the  combustible,  while  the 
supporter  furnishes  the  heat*  There  are  several  circum- 
stances which  make  this  opinion  very  plausible,  but  it  it 
not  less  cei  t'tin  that  some  others  militate  against  it. 

24.  After  all,  the  doctrines  of  combustion,  as  generally  Doetrines 
received,  do  not  appear  to  be  entirely  confirmed  by  more  jf*®"*^"^ 
recent  mvestigations.  Uunng  certam  combmations  of  com-  sruied  hy 
bustiblcs  with  each  other,  both  light  and  heat  are  emitted;  recent  (St- 
and thtrefore  the  chemical  action  which  takes  place  cannot  ^^' 

be  distinguished,  in  a  philosophical  sense,  from  combustion. 
Xhis  is  the  case  in  the  combination  of  potassium  or  sodium 
with  sulphur.  During  the  combination  of  sulphur  and  cop- 
per filings,  there  is  so  much  heat  evolved,  that  the  com- 
pound becomes  red-hot,  or,  in  other  words,  luminous. 
Cyanogen  gas,  formed  of  azote  and  carbon,  an  incombus- 
tible and  a  combustible,  appears  not  only  to  be  combustible, 
but  also  a  supporter  of  combustion;  for  it  bums  in  air,  the 
products  being  carbonic  acid  and  azote,  and  supports  the 
combustion  of  potassium,  which  absorbs  it  without  decom- 
position. Hence  the  cyanodide  of  potassium,  whose  ultimate 
constituents  are  two  combustibles  and  one  incombustible,  is 
nevertheless  a  product  of  combustion. 

25.  It  thus  appears  pretty  evident,  that  the  facts  at  pre-  The  facts 
sent  known  relating  to  combustion  cannot  be  arranged  upon  *^ff^^ 
principles  founded  on  general  analogies.  Chemists  have  dis-  proccM  re- 
covered so  many  gradations  in  chemical  action,  attended  by  luseiojiehl 
the  emission  of  light  and  heat,  from  the  most  intense,  as  ^  menU^ 
occurs   in  strongly  marked  cases  of  combustion,  to  thatuuoD. 
which  is  attended  with  but  a  feeble  emission  of  these  prin- 
ciples, that  it  has  been  difficult  to  determine  what  chemical 
actions  are  combustions  and  what  are  not.  The  new  disco- 
veries, however,  seem  to  make  it  necessary  to  distinguish 

those  chemical  actions  which  are  attended  with  flame,  from 
those  attended  by  the  emission  of  light  and  heat  without 
flame. 

26.  Upon  the  whole,  in  the  present  state  of  knowledge  Difficulty 
on  combustion,  it  does  not  appear  expedient  to  attempt  topftheiub- 
settlc  any  general  principles  to  explain  the  process.  All  that^^^* 
can  be  safely  asserted  on  the  subject  is,  that  it  is  chemical 
action  attended  with  the  emission  of  light  and  heat.  Thenefeeuof 
distinction  of  supporter  of  combustion   and   combustible  the  umiM 
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Book  II.  cannot  properly  be  preserved;  for  by  posBibility  every  sup- 
dWiiion  of  po^^^^^  ™^y  <^  Bome  occasion  become  a  combustible,  aad 
boclir•^  every  combustible  a  supporter.  How  tben  is  the  chemist  to 
fouH'ied  on  ascertain  which  are  combustibles  and  which  supporters?  In 

eombutuon.  ,.,1.1  1.  j    u     .'^'^ 

a  philosophical  sense,  when  oxygen  and  hydrogen  unite, 
the  oxygen  may  be  said,  with  equal  propriety,  to  bum  in 
the  hydrogen,  as  the  hydrogen  in  ihe  oxygen;  for,  without 
doubt,  the  combustion  of  these  gases  might  be  effected  by 
causing  a  small  stream  of  oxygen,  raised  to  the  proper 
temperature,  to  pass  into  an  atmosphere  of  hydrogen.  Un- 
der such  circumstances,  the  oxygen  might  be  said  to  bum 
in  the  hydrogen;  but  the  process  is  in  no  wise  diifcrent 
from  that  of  burning  hydrogen  in  oxygeni  since  the  union 
takes  place  only  where  the  gases  are  in  contact.  Again,  a 
body  may  be  incombustible  with  reference  to  oxygen,  but 
how  is  the  chemist  to  be  certain,  that  it  is  so  with  reference 
to  every  other  substance?  Although  it  may  not  form  a  com- 
bination  with  oxygen  with  the  emission  of  light  and  heat,  it 
it  impossible  that  it  should  combine  with  some  other  body 
wi:h  the  emission  of  these  principles?  No  body  can,  thtre- 
fore,  be  said  to  be  necessarily  incombustible. 

27*  Whatever  theory  is  adopted  respecting  combustion, 
this  position  may  be  assumed  as  certain,  that,  in  tytry  case 
of  this  process,  quiescent  heat  is  changed  into  distributable 
heat;  or,  in  other  words,  the  product  is  not  capable  of 
holding  in  a  quiescent  state  as  much  heat,  comparatively 
with  other  bodies,  as  its  constituents  were  before  undergo- 
ing the  process.  Now  this  peculiar  alteration  in  bodies  im- 
plies a  decrease  in  iheir  capacity.  Consequently  the  products 
of  all  combustions  must  possess  a  Ifss  capacity  for  heat 
than  the  mean  capacity  of  their  constitacnts« 

28.  The  consideration  o!  combustion,  as  a  cause  of  putting 
quiescent  heat  in  a  distributable  state,  being  finished,  the 
remaining  causes,  which  have  the  same  agency,  will  now  be 
considered. 
Other  die-       29.  Other  chcnucal  combinations,  besides  those  which 
mical  Chun- ai-(*  attended  by  combustion,  throw  quiescent   heat  into  a 
combun"  ^^  distributable  state.  These  combinations  generally  take  place 
tion,  put      between  liquids,  but  sometimes  between  gases.   As  a  genc- 
licatTna'     ral  rule,  it  may  be  said,  that  the  compound  formed  suffers  a 
dUtribniH-   decrease  in  density.    Now  this  is  what  would  naturally  be 
ble  state,     expected  to  occur;  since  these  mixtures  suffer  a  decrease  in 
capacity,  as  is  evinced  by  their  being  incapable  of  holding 
as  much  heat  in  a  quiescent  state  as  their  constituents  se- 
parately. 
Examples        30.  As  instances  of  chemical  combinations,  other  than 
chenfiMl     combustions,  in  which  quiescent  heat  is  thrown  into  a  dis- 

ohanj^c^. 
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ributable  state,  may  he  menuoned  the  combinafion  of  suU  Cwap.  il 
ihuric  acid  and  water,  of  alcohol  and  water,  or  of  ammonia-       " 
:al  gas  and  hydrochloric  (muriatic)  acid  gas.  There  are 
nnomerablc  instances  of  this  kind,  occurring  in  almost  every 
Jiemical  change. 

31*  Before  closing  the  account  of  the  different  means,  by  Eieetricity 
irhich  quiescent  heat  is  thrown  into  a  distributable  state,  it  put*  quiet- 
It  proper  to  mention  electricity.  This  fluid,  more  especially  SStioa**"* 
irhen  set  in  motion  by  mean^of  the  galvanic  apparatus,  is 
»pable  of  putting,  very  suddenly^  a  great  quantity  of  qui- 
sscent  heat  in  a  distributable  state,  and  oi  causing  as  m- 
bense  a  degree  of  heat  as  can  be  produced  by  any  other 
meant*  It  is  not  possible  to  explain  this  agency  on  the 
general  principles  of  decreased  capacity.    It  may  therefore, 
Bke  friction,  be  considered  an  exception  to  the  position, 
beretofore  laid  down,  that  all  agencies,  which  convert  qui- 
eacent  heat  into  distribuiable  heat,  produce  a  decrease  of 
nqiacinr  in  the  bodies  upon  which  they  act. 

3S.  Having  finished  the  account  of  the  different  ways,  in 
irhich  the  quiescent  heat  of  a  body  may  be  diminished  and 
part  of  it  converted  into  distributable  heat,  and  thus  com- 
pleted the  history  of  one  of  the  ways  by  which  heat  is  put 
in  motion;  the  other  way,  by  which  heat  is  disturbed  from 
Its  quiescent  state,  comes  next  under  consideration. 

33*  This  other  way  depends  upon  an  increase  of  capacity  ueat  it  put 
in  a  body.  After  undergoing  an  increase  of  capacity,  a  body  >"  motion 
requires  a  larger  share  of  quiescent  heat,  comparatively  with  ^enwl^' 
that  possessed  by  surrounding  bodies.  Hence  part  of  the  theincreai- 
caloric  of  surrounding  bodies  is  put  in  motion,  and  thereby  ^^^b^.^ 
becomes  distributable;  but  ultimately,  by  combining  with 
the  body  whose  capacity  has  been  increased,  it  becomes 
quiescent.  This  motion  continues,  until  the  caloric  has  ad- 
justed itself  in  the  body  whose  capacity  has  been  increased 
and  in  surrounding  bodies,  in  such  quotas  as  to  suit  the  new 
relation,  which  the  capacity  of  the  altered  body  bears  to  the 
capacities  of  surrounding  bodies.  In  all  such  cases,  cold  is  CoM  ai- 
produced;  since  the  heat  of  surrounding  bodies  is  first  rcn-  '^^  J^" 
dered  distributable,  and  ultimately  becomes  quiescent  iutuchoMcs. 
the  body  whose  capacity  has  been  increased,  or,  in  other 
words,  all  surrounding  bodies  yield  up  part  of  their  caloric, 
which  passes  into  the  body  whose  capacity  has  been  in- 
creased. 

34.  All  the  causes  of  increased  capacity  of  bodies,  or,  in  Cautct  ot' 
other  words,  of  the  production  of  cold,  appear  to  be  chemi-  increRsed 
cal.  Evaporation  is  a  very  powerful  means  of  producing  bo^t  srcT 
cold,  and  acts  by  increasing  capacity.  Many  chemical  com-  Biw«y>  ohc- 
binations  result  in  an  increase  of  capacity  in  the  compound  ""^* ' 
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Book  IT.  formed,  and  consequently  produce  cold*  These  consist  ge* 
nerally  of  different  kinds  of  salts  mixed  with  water,  and 
are  called  frigorific  mixtures. 


SECTION  III. 

OF  THE  DIFFERENT  WAYS,  IN  WHICH  CALORIC  TENIIS  TO  A 
STATE  OF  REST,  AFTER  HAVING  BEEN  PUT  IN  MOnON. 

1.  Having  in  the  foregoing  section  explained  the  different 
ways  in  which  caloric  is  put  in  motion,  the  subject  paascSi 
by  a  natural  transition,  to  the  consideration  of  the  different 
Bodii'8  are  modes  in  which  it  tends  to  a  state  of  rest.  And  here  it  will 
often  heat-  be  proper  to  remark,  that  it  is  from  the  tendency",  which 
i^Jj^^^^y  ^distributable  heat  has  to  assume  a  state  of  rest,  that  bodies 
oaiorio  to  are  most  generally  heated.  In  the  last  section,  it  has  been 
ttat!r(^  ^  shown  how  heat  is  primarily  set  in  motion,  so  as  to  btrcome 
rest.  a  heating  cause;  but  an  excess  of  distributable  heat  may  be 

accumulated  in  many  bodies,  in  which  it  is  not  primarily 
set  in  motion;  and  this  depends  upon  no  other  cause  than 
the  tendency  which  heat,  in  the  distributable  state,  has  to 
assume  a  quiescent  state.  Thus  combustion  is  a  primary 
cause  of  puttinp:  heat  in  a  distributable  state;  but  diere  is 
no  inherent  power  in  a  stone  to  produce  the  same  effect. 
Nevertheless,  if  a  stone  be  put  in  the  fire,  the  distributa- 
ble heat  of  the  latter,  in  its  tendency  to  rest,  first  meets 
with  the  stone  and  heats  it;  the  fire  is  constantly  parting 
with  heat  to  the  stone,  and  the  stone  to  the  hearth  upon 
which  it  rests,  or  to  the  uir  which  surrounds  it.    It  is  in 
this  way,  that  bodies,  which  cannot  originate  a  distributable 
excess  of  heat,  are  heated  during  the  cooling  process  of 
those  which  can. 
Heatinmo-      ^*  '^^^  principal  ways  in  which  heat  tends  to  a  state  of 
tjon  tends  rest  are  by  radiation  and  conduction.  The  account,  therc- 
JJ*  •^^^j.^f  fore,  of  the  manner  in  which  heat  is  radiated  and  conducted 
diationanri  wiU  comprise  all  that  is  necessary  to  be  said  in  this  section. 

Conduction. 

I.  OF  THE  RADIATION  OF  HEAT. 

Radiation        !•  When  a  body  is  made  to  contain  by  any  means  a  dis- 

♦•xplajned.   tributable  excess  of  caloric,  one  way  in  which  this  excess 

tends  to  a  state  of  rest  is  by  passing  off  in  right  lines  in  all 

directions  from  its  surface.  This  peculiar  manner  of  passing 

off  of  caloric  from  a  body  is  called  radiation. 

The  a-  2.   From  the  experiments  of  Leslie,  it  appears,  that  the 

mount  of    quantity  of  heat  distributed   by  radiation   depends  almost 

off^hFraJi.  entirely  upon  the,  nature  of  the  radiating  surface.  This  phi- 
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losopher  filled  with  boiling  water  a  thin  globe  of  bright  tin,  Chap.  il. 
and  found,  that  the  water  took  156  minutes  to  cool  down  half^^jo^  j^. 
way  from  its  original  temperature,  to  that  of  the  room  in  pends  upon 
which  the  experiment  was  made.  The  same  experiment  be-  ^f^jij"*'^ 
isg  repeated  with  this  variation  only,  that  the  tin  globe  was  atjug  tar- 
covered  with  a  thin  coating  of  lampblack,  the  hot  m  ater  ^*^* 
look  but  81  minutes  to  cool  to  the  same  temperature.  From 
this  it  was  evident,  that  hot  water  in  a  tin  globe  cooled 
nearly  twice  as  fast,  when  its  surface  was  covered  with  a 
coating  of  lampblack,  as  when  it  was  clean  and  bright.  No- 
thing could  excmjMty  more  strongly  the  effect  of  surface  in 
increasing  radiaapi  than  this  simple  experiment. 

3i»  Heat  distriEutes  itself,  by  radiation,  in  all  directions  Heat  nuii. 
from  the  surface  of  a  hot  body;  but  most  copiously  in  a  di-  '|^^  "?^^ 
recuon  perpendicular  to  the  radiating  surface.  For  exam-  from  iurf«>' 
plr,  it  was  found  by  Leslie,  that,  when  a  tin  canister,  filled  ^^ 
with  hot  water,  is  presented  without  any  obliquity  to  a  re- 
flector, the  effect  is  greatest,  as  ascertained  by  a  thermome- 
ter placed  in  its  focus,  and  that  it  becomes  less  and  less 
in  tfn  oblique  position,  according  to  the  degree  of  obliquity* 
4.  Leslie  has  found,  that  different  substances  differ  very 
much  in  the  radiating  power  of  their  surfaces.  This  he  as- 
certained by  applying  different  substances  in  succession  to 
one  side  of  a  canister,  filled  with  hot  water  and  placed  be- 
Iwe  a  reflector.  The  effect  of  each  was  measured   by  the 
degree  of  heat  observed  in  the  focus.  The  following  are  the 
principal  results  of  these  trials. 

Taking  the  radiating  power  of  lampblack  as  100,  Rsidiatinc 

that  of  writing  paper  will  be  98  P?jr«'' " 

of  crown  glass  90  tubtuncek. 

of  ice  85 

of  tarnished  lead  45 

of  clean  lead  19 

of  polished  iron  15 

of  tin  plate  12 

of  gold,  silver,  or  copper  12 
Jf.  From  these  experiments,  it  appears,  that  metals  dis- 
tribute less  heat  by  radiation  than  any  of  the  bodies  tried. 
The  radiation,  however,  is  influenced  not  only  by  the  nature 
of  the  substance,  but  also  by  the  nature  of  the  surface  in  the 
tame  substance.  In  the  foregoing  statement,  it  is  seen,  that  the 
mdiation  of  clean  lead  is  19,  whereas  that  of  tarnished  lead 
is  as  high  as  45.  The  smoothness  of  the  surface  of  a  metal 
being  destroyed  increases  its  radiating  power.  Thus,  if  the 
tide  of  a  bright  tin  canister  produce  ^  radiation  equal  to  12, 
by  rubbing  it  in  one  direction  with  fine  aand  paper,  the  ra- 

3K 
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Book  II.  (liating  effect  will  be  increased  to  S3;  but  when  rubbed  in 
the  cross  direction,  the  effect  is  somewhat  diminished. 

6«  Radiating  heat,  when  it  faUs  upon  different  bodies, 
may  be  absorbed  or  reflected,  or  partly  absorbed  and  pardy 
reflected.  The  nature  of  the  body  and  of  the  surface  varies 
Absorbing  ^^^Y  "luch  these  circumstances.  It  has  been  found,  that 
power  of  a  those  bodies  and  surfaces,  which  have  the  p^atest  radiating 
JS^K*i»i^  power,  have  also  the  greatest  absorbing  power.  This  is  what 
uortiooHi,  might  have  been  expected;  since  it  is  reasonable,  diat  the 
but  iu  re-  game  peculiarities,  which  enable  heat  to  pass  out  of  a  sur- 
i>ower  lu.  face  in  the  greatest  abundance,  would  ^ao  enable  it  to  pass 
vcrsciy  in.  On  the  other  hand,  it  has  been  foun^Aiat  the  worst  ra- 
S!i7to\u  ra-  diating  surfaces  are  the  best  reflecting  sanaces;  or,  which 
(liatinic  is  the  same  thing,  that  the  worst  absorbing  surfaces  are  best 
^^^'■"       suited  for  reflecting. 

hwJmT*  '^*  Radiating  caloric  is  capable  of  being  refracted  by 
be  refract-  transparent  bodies,  as  well  as  of  being  reflected  by  surfaces; 
^  and  in  this  way,  it  may  be  very  much  concentrated,  as  well 

as  by  reflection.  The  radiating  caloric,  emitted  by  the  sua, 
may  be  so  concentrated  by  refraction,  as  to  produce  as  pow- 
erful a  heat  as  can  be  excited  hv  any  other  means. 
Radiation        8.  Frum  the  experiments  of  Leslie,  it  appears,  that  radia- 
taki  I  vjace  ({qq  ^^lji  take  place  in  elastic  media  only.  In  common  cases. 

m  elastic  '  - 

media  only,  the  medium  is  atmospheric  air;  but  as  far  as  his  experi- 
ments have  gone,  radiation  does  not  appear  to  be  influenced 
by  the  particolar  elastic  medium  in  which  it  occurs.  It,  how- 
ever, decreases  in  proportion  to  the  rarefaction  of  the  medi- 
um, and  at  different  rates  in  different  media. 

II.  OF  THE  CONDUCTION  OF  HEAT. 

Conduction  1.  If  one  end  of  a  bar  of  iron,  20  inches  long,  be  put  in 
cnMiified^  the  fire,  it  is  some  time  before  the  other  end  experiences  any 
increase  of  heat.  From  this  it  is  evident,  that  heat  takes 
some  time  to  travel  through  a  bar  of  iron.  This  slow  man- 
ner, in  which  heat  distributes  itself  under  the  circumstances 
just  stated,  is  called  its  conduction. 

2.  It  is  in  this  way  that  heat  always  distributes  itself  in 
solid  bodies.  In  the  same  mode,  it  may  be  distributed  throdgh 
liquids  and  gases;  but  with  far  less  celerity  than  by  other 
means  to  be  explained  presendy. 
and  ex-  8.  The  explanation  of  the  conduction  of  heat  appears  to 

plained,  [jg  ^j^jg.  whatever  quantity  of  heat  is  absorbed  by  the  esterior 
stratum  of  particles  exposed  to  the  heating  cause,  a  propor- 
tion of  it  is  immediately  transferred  to  the  stratum  imder- 
neath:  and  whatever  quantity  of  heat  is  thus  transferred  to 
a  substratum,  a  proportion  of  it  is  immediately  transferred  to 
It  his  its  li.  the  next  stratum,  and  so  on  for  any  number  of  strata  within 
"***•  a  certain  limit.  These  transfers  may  be  said  to  depend  upon 
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affinity  of  the  different  strata  for  caloric;  but,  be  this  as  Ciaf.ii. 
it  may,  it  certainly  takes  place  upon  the  same  general  prin- 
ciples,  that  distributable  heat  will  combine  with  all  bodies, 
whose  quotas  of  caloric  are  relatively  defective. 

4.  The  limit,  which  obtains  with  regard  to  the  conducting  ThU  limit 
power  of  bodies,  depends  upon  the  quantity  of  caloric,  with  q^^*!^ 
which  they  will  combine  before  they  change  their  state  as  to  quantity  of 
aggregation*  Every  dose  of  caloric  absorbed  by  a  conduct-  •^J?^  ,^ 
ing  body,  excepting  that  which  changes  its  state,  causes  an  J*  u  eapa- 
increase  of  temperature;  but  this  dose,  being  necessary  to  ^p^  re- 
preserve  the  body  in  its  new  state,  becomes  a  necessary  con-  ^^i 
stituentof  it.  It  is  on  this  account,  that  almost  all  solids  are  eKangci  ki 
conductors  at  the  common  temperature  of  the  atmosphere, '^^' 
because  they  are  capable  of  being  heated  without  changing 

their  state.  The  particular  temperature,  at  which  solid  bo- 
dies cease  to  be  conductors,  is  that  at  which  they  melt.  Thus 
iee  is  a  conductor  at  any  temperature  under  32^;  but  any 
accessions  of  heat,  which  it  receives  when  at  that  tempera- 
ture, cannot  be  conducted,  since  they  are  employed  to  change 
Its  state. 

5.  Liquids  are  capable  of  conducting  caloric;  but  it  is  Heat  may 
not  by  the  conduction  of  heat  that  they  are  generally  heat-  jji^if  b"'* 
cd*  Thp  heating  cause  is  usually  placed  underneath  a  vessel  eonduc- 
tdntaining  a  liquid,  and  its  lowermost  stratum  is  first  affec-  tion  in  lU 
ted*  It  is  thereby  rendered  lighter  than  the  superincumbent^"*  '' 
strata,  and,  from  a  well  known  law  of  the  pressure  of  fluids, 

is  made  to  move  towards  the  surface.  This  occurrence 
presents,  to  the  influence  of  the  heat,  a  new  stratum  of 
liquid,  which  in  its  turn  moves  towards  the  surface  for  the 
aame  reason.  In  this  way,  after  some  time,  all  the  strata 
will  have  presented  in  succession  to  the  heating  cause.  Now 
it  must  be  evident,  that,  by  these  intestine  motions,  liquids 
are  heated  in  quite  a  different  way  from  the  mode  which 
takes  place  by  conduction,  and  much  more  rapidly  too.  It 
is  on  this  account,  that  liquids  are  said  to  become  heated 
principally  from  their  property  of  carrying  or  transporting 
caloric.  When  heat  is  thus  applied  to  liquids,  aftyr  some 
time,  all  their  particles  will  have  combined  with  as  much 
caloric  as  they  can  receive  without  changing  their  state. 
'When  the  heating  process  has  arrived  at  this  point,  the  ^*"J[ 
\mdermost  stratum  of  the  liquid,  upon  receiving  the  smallest  ^*  ^^  ' 
accession  of  caloric,  assumes  the  elastic  form,  passes  through 
the  superincumbent  strata,  and  is  emitted  at  the  surface  in 
the  form  of  a  bubble.  Liquids,  when  thus  affected  by  the 
agency  of  heat,  are  said  to  boil. 

6.  The  conducting  power  of  liquids  is  evinced  wh«:;n 
they  are  heated  from  their  surface.  Under  such  circum» 


ex- 


444 


IMPONDERABIX  BQDIEB. 


i 


Book  II.  Stances,  the  caloric  is  transferred  downwards  from  stratum 
to  stratum,  and  communicates  temperature,  without  the  aid 
of  any  intestine  motion. 


SECTION  IV. 

WHEN  IN  A  STATB  OF  REST,  IN  WHAT  RELATIVE  QUAKTI. 

TIES  HEAT  EXISTS  IN  BODIES. 

Heat  eznti      1*  As  preparatory  to  the  explanation  of  the  mamier,  in 
ID  different  which  heat  is  put  in  motion,  it  became  necessary  to  inform 
the'tftine    the  reader,  that  heat,  when  in  a  state  of  rest,  exists  in  very 
tempera-    different  quantities  in  different  bodies.  It  is  the  design  of  the 
fmnt*^  ^ '  present  section  to  bring  forward  the  proofs  of  this  assertion, 
quantitiet.       2.  If  two  portions  of  Water  be  taken  of  equal  weights, 
one  of  which  is  heated  to  the  temperature  of  IOGP,  and  the 
other  to  that  of  50^,  and  mixed  together,  their  tempenlare 
after  mixture  will  be  7^^  the  exact  mean  of  the  two  tempe- 
ratures before  mixture.    But  if  the  experiment  be  repeated 
with  equal  weights  of  spermaceti  oil  and  water,  the  iormer 
at  the  temperature  of  50^,  and  the  latter  at  the  temperature  of 
100^,  the  temperature  of  the  mixture,  instead  of  being  a 
mean  of  the  first  temperatures,  will  be  found  to  be  83j** 
Consequently  the  water  has  lost  16^^°  and  the  oil  gtincd 
33^^;  or,  in  other  words,  the  superabundant  heat  in  the  wa- 
ter, instead  of  being  divided  equally  between  the  oil  and 
the  water,  is  divided  in  unequal  quotas  between  them,  when 
it  has  assumed  a  state  of  rest*  Now  this  experiment  shows, 
that  the  quantum  of  heat,  corresponding  with  50  degrees  of 
temperature  for  water,  after  having  distributed  itself  between 
equal  weights  of  oil  and  water  at  the  same  temperature, 
raises  both  these  liquids  33^^;  but  as  the  water    rcccivts 
§ds  of  this  quantum  of  heat,  and  the   oil  only  ^d;   there- 
fore the  inference  is  clear,  that  it  takes  twice  as  much  heat 
to  raise  the  tcmpr rature  of  water  33^  degrees,  as  it  docs  to 
raise  spermaceti  oil  the  same  number  of  degrees. 
Distribnta-       3.  Now  it  is  found  to  be  universally  true,  that,  when  any 
!**^  I'^t'^cif^  quantity  of  distributable  heat  has  adjusted  itself  among  any 
in  (liflTercut  number  of  bodies,  so  as  to  have  assumed  a  state  of  rest,  it 
*'"**^"ko     '*  ^^^y  ^^^  ffon^  having  distributed  itself  in  equal  quantities 
^eft-^and'    among  them,  but  has  entered  into  each  body  in  various  quo* 
these  quo-   tas;  and  these  different  quotas,  compared  with  each  other,  are 
mciwuTcs  of  the  measures  of  the  capacities  for  heat  of  such  bodies  res* 

tlu'ir  capa-   pectivcly. 

•itics.  ^^  Thus,  if  any  quantity  of  distributable  heat  adjusts  itself, 

in  a  state  of  rest,  between  any  two  bodies,  in  proportions  at 
two  to  one;  then  that  body,  which  has  the  double  share,  is 
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said  to  be  double  the  capacity  of  the  other.    The  capacit}^  Chav.  IL 
of  bodies  for  heat  is  sometimes  called  their  specific  caloric*  ~* 

5*  It  is  reasonable  to  suppose,  that  the  relative  quantities  And  these 
of  heat  in  different  bodies  are  indicated  by  their  capacities;  «apMaties 
since  it  is  probable,  that  distribuuble  heat  would  adjust  it-  !J[i^'^or 
self  in  the  same  proportional  quantides  between  bodies,  to-  the  relative 
tally  deprived  of  their  caloric,  as  at  any  particular  tempera-  2f  £©2*0011. 
ture«  It  must  not  be  denied,  however,  that  some  facta  are  taineti  m 
rather  unfavourable  to  this  supposition.  bodiet. 

6*  In  many  books  of  chemistry,  a  good  deal  is  said  to  ex*  Equality  of 
plain,  why  bodies  assume  an  equalit)*^  of  temperature ;  but  [^l!^^^^' 
the  explanation  of  this  (act  can  be  nothing  eke  than  to  give  pends  Qpon 
the  reasons,  why  heat  in  a  state  of  motion  tends  to  a  state  of  J^^^^^ 
rest*    Nothing  else  is  meant  by  equality  of  temperature  be-  between 
twecn  any  two  bodies,  than  that  the  heat  which  they  contain  ^^*^ 
is  not  impelled  to  move  from  either  to  the  other.    It  would 
appear,  that  the  general  principle,  upon  which  caloric  moves 
after  having  been  set  in  motion,  is  its  being  unequally  press- 
ed  in  different  directions;  and  that  this  motion  continues, 
until  its  cause,  namely  the  unequal  pressure,  ceases. 


SECTION  V. 

OP  THE  CHANGES  WHICH  CALORIC  PRODUCES  IN  BODIES. 

These  effects  may  be  arranged  tmder  three  heads,   l^changeiby 
Changes  in  bulk.  2.  Chances  in  state.  3.  Chemical  changes,  calorie  are, 

*>  ^  **       chtDgesin 

I.  OF  CHANGES  IN  BULK.  ^">k» »" 

1.  As  a  general  law,  it  may  be  stated,  that  an  accession  of  ohemicai 
heat  to  a  body  increases  its  bulk;  but  to  this  law  there  are  «b»nget. 
several  exceptions,  which  will  be  stated  hereafter.  Caloric  in- 

2*  The  expansion  produced  by  a  given  quantum  of  heat  is  JJJ^j^^ 
very  different  in  solids,  liquids  and  gases.  As  a  general  dies. 
rule,  in  the  gases  it  is  greatest,  in  liquids  much  less,  and  in 
solids  least  of  all.  All  gases  suffer  the  same  expansion  by 
the  same  degree  of  heat,  supposing  them  placed  in  like  cir- 
cumstances* The  expansion  of  liquids  is  not  found  to  be 
uniform.  It  has  been  ascertained,  however,  that  the  lower 
their  boiling  point,  the  greater  is  the  expansion  produced  by 
a  given  increment  of  heat.  Thus  the  boiling  point  of  alcohol 
is  low,  that  of  water  higher,  and  that  of  mercury  higher 
than  either;  and  the  expansion,  produced  by  any  given  in- 
crease of  temperature  in  these  three  bodies,  is  greatest  in 
the  alcohol,  less  in  the  water,  and  least  of  all  in  the  mercu- 
ry. It  has  also  been  found,  that  the  rate  of  the  expansion  in- 


446 

BoasU. 


BxeeptioDi 
to  the  law 
ofcxpan- 
uou  by 
heat. 
Water  an 
exception. 


Alumina, 
another  ex- 
ception. 


lMP0in)E1tABLB  BODIES. 

creases,  the  nearer  liquids  are  to  the  boiling  point.  The  ez' 
pansion  of  solid  bodies  by  heat  is  so  very  small,  as  to  re* 
quire  very  nice  instruments  to  measure  it;  but  as  far  as  ex* 
periments  have  gone,  it  appears  to  be  equable. 

3.  The  exceptions  to  the  general  law  of  expansion  by  best 
are,  water  below  a  certain  temperature,  alumina  or  clay,  and 
certain  substances  in  the  act  of  solicUfication. 

4.  When  water  in  the  liquid  state,  at  any  tempcratare  b^ 
low  40^,  is  exposed  to  heat,  it  gradually  contracts  widi 
every  increment  of  heat,  until  its  temperature  reaches  40*, 
after  which  it  expands  by  every  addition  of  heat,  nndl  it 
reaches  the  boiling  point,  when  it  changes  its  state.  Hence 
at  40^  and  above  it,  heat  produces  its  usual  effect  on  water; 
but  below  that  temperature,  it  contracts  this  liquid*  So  dutt 
water  is  at  a  maximum  of  density  at  the  temperature  of  40^; 
and  if  it  be  heated  above  or  cooled  below  that  temperature, 
it  is  expanded* 

5.  The  final  cause  of  water  having  a  maximum  of  denuty 
above  the  freezing  point,  would  seem  to  be  to  put  a  limit  to 
the  consolidation  of  this  liquid  in  the  winter  season.  When 
water  in  rivers,  above  the  temperature  of  40^,  is  exposed  to 
causes  which  abstract  its  heat,  they  operate  upon  a  stranim  on 
the  surface,  and,  by  the  abstraction  of  its  heat,  render  it  speci- 
fically heavier  than  the  water  underneath;  it  therefore  siidLSto 
the  bottom.  By  this  means,  a  new  stratum  is  exposed  to  the 
operation  of  the  cold,  and  sinks  in  its  turn.  This  exposure  to 
cold  of  successive  strata  continues,  until  the  whole  of  the 
water  has  acquired  the  temperature  of  40^,  when  it  ceases. 
It  ceases,  because  the  uppt^rmost  stratum,  being  at  40^,  in- 
stead of  being  contracted  by  an  abstraction  of  its  heat,  is  in 
fact  expanded,  and  therefore  cannot  sink.  Hence  then  the  cold 
acts  continually  upon  the  same  stratum,  which  remains  im- 
moveably  on  the  top,  and  cools  it  down  to  32°,  when  it  freezes. 
If  there  were  no  maximum  of  density  in  water  above  the 
freezing  point,  the  successive  presentation  of  strata  to  the 
cooling  cause  would  continue  to  take  place,  with  regard  to 
the  water  in  rivers,  until  the  whole  liquid,  from  top  to  bottom, 
would  be  cooled  down  to  the  freezing  point;  at  which  pe- 
riod, the  whole  would  be  liable  to  freeze  into  a  solid  mass  of 
ice.  Thus  it  would  appear,  that  water  was  formed  an  excep- 
tion, to  the  general  law  of  the  expansion  of  liquids  by  heit, 
by  the  great  Author  of  nature,  to  guard  against  the  calami- 
tous consequences  to  man,  which  would  result  upon  the 
freezing  of  rivers  in  the  winter  into  one  solid  mass  of  ice  to 
the  botJom. 

6.  Alumina  seems  to  constitute  an  exception  to  the  gene- 
ral law  of  the  expansion  of  bodies  by  heat.  This  earthy  base 
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undergoes  a  diminution  of  its  bulk  by  exposure  to  hettt  Cba».  O. 
This  diminution,  at  low  temperatures^,  appears  to  depend  upon  '~"''"*'^*~" 
the  dissipation  of  moisture.  But  at  high  ones^  it  takes  place 
also,  without  any  sensible  loss  of  weight,  and  therefore  can* 
not  be  attributed  to  this  cause.  At  high  temperatures,  it  pro- 
bably contracts  in  consequence  of  its  particles  being  urged 
into  closer  contact,  so  as  to  leave  no  interstices.  It  is  not 
unlikely,  that  after  fusion  it  may  expand  b)'  heat  as  other 
bodies. 

r.  Although  several  substances  expand  upon  freezing,  Bodiei^ 
and  seem  to  be  exceptions  to  the  general  law  under  consi- ^[jl^  "T*- 
deration,  yet  upon  a  nearer  view  of  the  subject,  perhaps,  the  eooBi^es^ 
reason  of  the  apparent  exception  may  be  explained  upon  differ-  P"^^ 
ent  principles,  without  interfering  with  the  general  law.  All 
the  bodies,  which  expand  under  such  circumstances,  are  such 
as  assume  the  crystalline  form.  May  it  not  reasonably  be 
supposed,  that  in  crystallizauon  their  particles  may  arrange 
themsf  Ives,  so  as  not  accurately  to  fill  space;  and  if  so,  the 
particles  ihemselves  might  be  diminished  in  bulk,  while 
their  aggregate,  including  the  interstices,  would  take  up 
more  bulk  than  at  first. 

.8.  The  most  remarkable  instances  of  this  kind  of  expan-  Intttneetitt' 
sion  occur  in  the  congelation  of  water,  and  during  the  consbli-  ^>P*n^ 
dation  of  several  of  the  metals.  The  force,  with  which  water  uJtSon*' " 
expands  in  the  act  of  freezing,  has  been  ascertained  to  be 
very  great.  Bombs,  filled  with  water  and  plugged,  have  been 
known  to  be  burst  asunder  on  being  exposed  to  a  hard  frost, 
in  consequence  of  the  freezing  of  the  contained  water.  Of 
all  the  metals  tried  with  a  view  to  this  subject,  but  three 
were  found  to  expand  upon  solidification,  namely,  cast  iron, 
bismuth  and  antimony. 

9.  In  all  cases,  in  which  liquids,  in  becoming  solid,  assume 
the  crystalline  form,  the  change  of  state  is  accompanied  by 
expansion;  on  the  other  hand,  when  the  change  takes  place 
without  being  attended  by  any  regularity  of  arrangement  in 
the  particles  of  a  body,  contraction  is  the  consequence.  In- 
stances of  the  latter  kind  are  furnished  in  the  congelation  of 
oils,  and  of  some  of  the  metals,  particularly  mercury.  This 
latter  metal  is  found  to  lose  ^d  of  its  bulk  in  the  act  of 
congelation. 

n.  OF  CHANGES  OF  STATE  PRODUCED  BY  CALORIC. 

1.  All  bodies,  as  far  as  they  are  known,  occur  in  one  of  Bodies  oc- 
the  three  following  states,  as  solids,  as  liquids,  or  as  ^^^^tic  jlj**  ^  ^ 
fluids  or  gases;  nevertheless,  in  whichsoever  state  they  occur,  or  gatci.  *^ 
they  are  all  capable  or  presumed  to  be  capable  to  assume  the 
other   two,  by  the  addition  or  subtraction  of  heat. .  Thus 
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BotiK  II.  sulphur  at  common  temperatures  is  in  the  solid  state;  but 

Sfime  itti-"  when  heated  to  the  temperature  of  218^,  it  becomes  liquid, 

diet  ma>  be  3i;|(|  ^Lt  a  heat  of  about  570^,  it  becomes  an  clastic  fluid  or 

wmc  the  'g^8*  Ag'iin,  water  at  ordinary  temperatures  is  a  liquid;  but 

three         when  heated  to  212^^  it  becomes  an  elastic  vapour,  and  when 

'^^^'        cooled  to  32^,  a  solid  in  the  form  of  ice.  Gases,  at  commoo 

temperatures,  arc  not  susceptible  of  becoming  solid  by  sn 

abstraction  of  heat;  one  of  them,  however,  (ammoniacal 

gas)  is  capable  of  being  condensed  into  a  liquid,  by  a  cold 

of  —  45.  Hence  the  presumption  is,  that  every  species  of  air 

might  be  condensed  into  a  solid,  if  chc^mists  had  it  in  their 

power  to  produce  a  sufficient  degree  of  artificial  coUL 

2.  When  solids  are  converted  into  liquids  by  an  addldoa 

of  heat,  the  change  takes  place  either  instantaneously  or 

gradually;  and  there  appears  toH>e  a  good  deal  of  difference 

in  the  manner,  in  which  the  liquefaction  is  produced  in  dicse 

difT-rcnt  ways.  It  begins  to  occur,  in  all  common  cases,  when 

the  solid  bcKly  contains  a  certain  quantum  of  heat,  or^  in 

other  words,  is  of  a  particular  temperature* 

Water,  3.  Water,  in  common  cases,  is  converted  into  ice  at  tk 

i^^a  Miid  ^c^pcr*^"^*^  of  32°;  but,  by  peculiar  management,  it  may  be 

at  3^2**;  but  cooled  Considerably  below  this  temperature  without  losing 

">*y  ^^       its  liquid  form.     This  peculiar  management  consists  in 

\o^  That     having  the  water  perfectly  pure  and  free  from  air,  and  in 

point  Willi-  exposing  it  to  a  gradually  decreasing  temperature.  Under 

ks'iimilll^    such  circumstances,  it  may  be  cooled  down  to  the  tempera- 

form.  ture  of  22^  without  freezing;  but  if  a  small  piece  of  ice  he 

JVhtii  It     thrown  iiiio  it,  or  if  it  be  made  to  take  on  a  tremulous  mo* 

riBcstoat^**.  tion,  part  of  it  suddenly  freezes,  and  the  temperature  of  the 

whole  immediately  rises  to  the  freezing  point. 
Int'erences       4.  The  facts   Stated  in  the   foregoing   paragraph  prove, 
tobe<h-awn  that,  when  water  cooled  down  below  the  freezing  point  is 
facts.  ^"^*^  made  to  freeze,  the  pait  frozen,  at  the  moment  of  its  so- 
lidification, gives  out  sufficient  heat  to  raise  itself,  and  the 
remainder  <;f  the  water,  yet  in  the  liquid  state,  to  the  tempe- 
rature of  32".  H<'nce  the  general  fact  may  be  deduced,  ihati 
although  the  abstraction  of  heat  puts  water  in  a  condition  to 
solidify,  yet,  in  the  act  of  freezing,  heat  is  given  out,  not  ai 
the  cause  but  as  the  effect  of  this  act;  or,  in  other  words, 
part  of  the  quiescent  heat  of  water  is  converted  into  dis- 
tributable heat,  by  the  energy  of  the  power  which  induces 
its  congelation. 
Ice,  <liirin(;      5.  If  a  piece  of  ice  be  brought  into  a  warm  room,  the 
"^f*""^'''*'"  quiescent  heat  of  surroundine  bodies  is  thrown  into  a  dis- 
but  no  ill-  '  tributable  state,  in  its  tendency  to  give  the   ice  its  proper 
crca»e  of    quota  of  caloric.  The  caloric,  however,   which  the  ice  re - 
^niptia-    ^^.}y^^  is  not  distributable  to  bodies  at  the  temperature  of 
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^2^9  in  other  words,  does  not  warm  the  ice;  but  combines   Cha>.  it. 
with  it  and  converts  it  into  water.   As  soon  as  all  the  ice  is  ' 

in  this  way  dissolved,  the  water  obtained  is  exactly  of  the 
same  temperature  with  that  of  the  ice,  from  which  it  was 
ibrmcd.  But  as  it  has  been  receiving  a  large  share  of  heat 
during  its  formation,  this  inference  may  be  fairly  drawn, 
tiuit,  when  caloric  is  in  a  state  of  rest  with  respect  to  water 
and  ice,  water  contains  a  larger  quantity  of  caloric  than  ice; 
or,  to  express  the  same  idea  in  other  words,  when  ice  lique- 
fies^ it  combines  with  heat  in  such  a  way  as  to  render  this 
fluid  non-distributable.  Water  must,  therefore,  have  a  great- 
er capacity  for  heat  than  ice. 

6.  What  has  just  been  said,  respecting  the  manner  in 
which  water  solidifies  and  ice  melts,  is  equally  true  with  re- 
gard to  every  liquid,  which  can  become  solid,  and  every  solid 
capable  of  liquefaction.  It  may,  therefore,  be  laid  down  as 
universally  true,  that,  whenever  liquids  solidify,  quiescent 
Keat  is  converted  into  distributable  heat;  and  whenever  so- 
lids liquefy,  it  is  in  consequence  of  an  accession  of  heat, 
which  becomes  non-distributable  in  them. 

7*  Chemists  have  not  only  been  able  to  deduce  this  gene-  Theauantl- 
ral  law  respecting  all  liquids  and  solids,  but  have  actually  ^^^^^^ 
ascertained  by  experiment  the  quantity  of  heat,  which  chan-  m  its  lUte 
flea  its  state  during  the  freezing  of  water  or  the  liquefaction  >ntherref>z. 

ZrZs^  ing  of  water 

<«  »Ce.  .  .  -  ,        .  •nd  melt- 

8.  For  example,  if  equal  quantities  of  pounded  ice  at  32^  infrof  ice, 
and  water  at  172^  be  mixed  together,  the  ice  instantly  JjoedT*'^ 
melts,  and  the  temperature  of  the   mixture  is  found  to  be 

only  32°.  The  difference  between  the  temperature  of 
the  ice  and  of  the  water  before  mixture  is  140^.  Now  the 
whole  of  this  heat  is  put  in  motion,  and  converts  the  ice 
into  water,  in  which  it  exists  in  a  non-distributable  stHte,  as 
it  has  not  raised  its  temperature.  From  this  experiment,  it 
28  concluded,  that,  when  ice  liquefies,  140  degrees  of  heat 
are  reduced  to  a  non-distributable  state;  that  is,  to  a  state 
in  which  they  no  longer  affect  the  thermometer. 

9.  When  the  foregoing  experiment  is  repeated  with  two 
portions  of  water  of  equal  weights,  one  portion  at  32^  and 
the  other  at  172^,  the  result  is  widely  different.  The  tem- 
perature of  the  mixture  is  found  to  be  an  exact  mean  of  the 
temperatures  of  the  two  portions  of  water  before  mixture; 
for  here  the  heat,  which  enters  the  water  at  32°,  does  not 
become  non-distributable,  but  gradually  raises  its  tempera- 
ture, and  assumes  a  state  of  rest  only,  when  half  the  excess 
of  the  heat  contained  in  the  hotter  portion  has  entered  the 

colder. 

3L 
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Book  11.       10.  The  fact  has  already  been  mentioned,  that,  when  wa* 
j.,^  j^^^      ter  cooled  down  below  the  freezing  point  ib  made  to  freeze, 
t'loii  oTtho  just  SO  much  heat  is  thrown  into  a  distributable  state,  as  is 
fuel,  that    sufficient  to  raise  the  temperature  of  the  ice  formed  and  of 
c«i  down      the  remaining  water  to  the  freezing  point.  If  the  question  be 
below  the    asked,  why  the  quantity  of  heat  thrown  out  is  exactly  soft- 
[M^tl'whcn  cient  to  raise  the  whole  to  the  freezing  point,  the  true  ao- 
it  freezes,   gwer  perhaps  is,  that  it  could  not  be  less,   because  the 
mt  lo"^     whole  of  the  water  in  a  freezing  condition  would  not  be  fro- 
much  heat  zen,  and  it  could  not  be  more,  compatibly  with  any  oooge- 
luice  thT    '^^>^"  ^^  ^^*  Hence  it  is,  as  Dr.  Thomson  has  proved  by 
frcczin};      experiment,  that  the  quantity  of  ice  formed  by  agitation  in 
tempera-     water,  cooled  down  below  the  freezing  point,  bears  a  con- 
stant ratio  to  the  previous  coldness  of  the  liquid;  since  the 
colder  the  water,  a  greater  quantity  of  ice  may  be  formed, 
without  the  evolved  caloric  being  sufficient  to  raise  the  tem- 
perature of  the  whole  above  the  freezing  point*  Dr.llum- 
son  has  found,  that,  when  water  is  made  to  freeze  after 
beine  cooled  5^  below  the  freezing  point,  the  quantity  of 
ice  n>rmed  amounts  to  ^V^h  part  of  the  whole;  when  cool- 
ed down  lOP  below  the  same  point,  the  ice  amounts  to  T^h 
part,  or  twice  as  much.  Hence  this  chembt  has  lofiBired, 
that,  for  every  5°  of  diminution  of  temperature  below  the 
freezing  point,  ^'^th  part  of  water  freezes  suddenly  by  agi- 
tation; and  consequently,  that  if  a  portion  of  water  could  be 
cooled  down  below  the  freezing  point  28  times  5<*,  or  140P, 
upon  agitation,  the  whole  of  it  would  be  suddenly  converted 
into  ice  of  the  temperature  of  32°;  in  other  words,  its  tem- 
perature would  be  suddenly  raised  140*^.  Thus   the  reader 
perceives,  that  the  same  quantity  of  heat  becomes  distributa- 
ble or  capable  of  affecting  the  thermometer  by  the  freezing 
of  water,  as  is  rendered  non-distributable  by  the  melting  of 
ice, 
Misniiej  isi       11.  It  may  be  curious  to  inquire,  in  what  peculiar  man- 
x^iiich  w:t-  j^QY  heat  leaves  water  with  the  effect  of  makine  it  solidify* 
•^\ plained.    It  cannot  be,  that,  when  water  is  at  the  freezing  point,  the 
cooling  cause   acts  exclusively  upon  a  small  portion  of  it, 
and  converts  it  into  ice  by  abstracting  140*^  of  caloric:  by 
no  means;  for  the  140*^  of  caloric,  which  appear  when  water 
is  converted  into  ice,  is  the  consequence  and  not  the  cause 
of  its  freezing.  It  appears  to  me,  that  the  phenomena,  which 
take  place  in  the  freezing  of  water  cooled  down  below  the 
freezing   point,  furnish  the   basis  for  a   true  explanation; 
since  it  is  reasonable  to  suppose,  that,  during  the  ordinary 
freezing  of   water,    the  same    happens  on  a  small  scale, 
which  occurs  in  these  other  cases  on   a  large  one.   When 
water  is  cooled  down  to  the  freezing  point,  it  must  suffer 
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a  small  decrease  of  temperature  before  it  can  freeze*  Now  CratJTT. 
I  suppose,  that,  when  the  first  portion  of  ice  is  formed,  it 
is  exactly  so  much,  as  is  sufficient,  by  means  of  the  heat 
it  gives  out  in  the  freezing  act,  to  raise  the  whole  (both 
water  and  ice)  to  the  freezing  point.  If  the  cooling  cause 
continue  to  act,  the  temperature  of  the  remaining  water, 
sinks  again,  and  again  so  much  ice  is  formed,  as  is  suffici- 
ent, by  its  heat  evolved,  to  raise  the  whole  once  more  to 
the  freezing  point.  In  this  maimer,  by  the  water  repeat- 
edly falling  below  the  freezing  point,  and  being  as  often 
raised  to  the  same  point,  by  heat  ev(^ved  during  the  freez- 
ing of  a  portion  of  it,  the  whole  at  last  becomes  converted 
into  ice.  This  explanation  would  seem  to  be  much  more 
consistent  with  facts  than  the  one,  which  insists  upon  the 
evolution  of  distributable  heat,  during  freezing,  sensible  to 
the  thermometer,  while  standing  at  the  freezing  point.* 

151.  By  a  similar  mode  of  reasoning,  the  manner  in  which  Manner  io 
ice  melts  may  be  explained.  The  ice,  at  the  freezing  point,  JJieJ^^^ 
receives  a  small  increment  of  temperature;  and,  at  the  same  plained. 
noment,  so  much  of  it  melts,  as  is  sufficient,  by  the  heat 
which  is  necessarily  absorbed,  to  reduce  the  whole  again 
to  the  freezing  point*  The  ice  receives  another  small  incre- 
ment of  heat,  8^,  by  the  melting  of  another  small  portion 
of  it,  is  again  reduced  to  the  freezing  point.  By  a  repetition 
of  these  small  risings  and  fallings  in  temperature,  the  whole 
at  last  becomes  dissolved. 

13.  All  that  has  been  said  of  the  conversion  of  solids  into 
liquids  and  the  contrar}',  by  the  addition  or  abstraction  of        * 
heat,  is  equally  applicable  to  the  conversion  of  liquids  into 
vapours,  and  the  condensation  of  the  latter  into  the  former. 

14»  With  respect  to  water,  chemists  have  been  enabled  Dittnbuu- 
to  ascertain  by  experiment,  how  much  heat,  previously  inj!{^*^^g^ 
a  distributable  state,  is  rendered  quiescent  and  not  sensible  imo  quivs- 
to  the  thermometer  by  its  conversion  into  steam.  One  of*j^j"M'**|J 
die  most  intelligible  experiments,  by  which  this  quantity  is  L^m^i-sion 
estimated,  is  the  following:  By  means  of  pressure,  in  a  ma-  of  water  m- 
chine  called  a  Papin's  digester,  water  may  be  heated  to  the  ^  »^<^»™' 
temperature  of  400^,  that  is  188?  above  the  boiling  point. 
This  becomes  practicable,  in  consequence  of  the  pressure 
preventing  the  formation  of  steam,  by  which  alone,  in  ordi- 
nary cases,  water  is  prevented  from  becoming  hotter  than 
the  boiling  temperature.  If  the  mouth  of  the  digester,  con- 
taining the  water  thus  heated,  be  suddenly  opened,  about  |th 
of  it  immediately  escapes  in  the  form  of  steam,  which  ne- 

*  It  it  aiserted  that  a  delicate  therrooraeter,  sospended  over  water  while  in  the 
a«t  cf  frecziagfi  it  capable  of  indieatbg  thiji  evolution  nf  heat  by  the  rite  of  the 
mercyrr. 
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Book  II.  ccssarily  has  the  temperature  of  218^,  and  die  remainder 

'  immediately  falls  in  temperature  to  the  boiling  point.   Now 

the  ^th  of  the  water,  converted  into  steam,  at  the  moment 
of  its  conversion,  contained  188®  of  heat,  which,  after  its  coo- 
version,  are  no  longer  sensible  to  the  thermometer^  as  it  in- 
dicates the  temperature  of  212®  only;  but,  besides  these  188* 
of  heat,  the  steam  formed  has  rendered  non-distributable 
188®,  received  from  each  of  the  remaining  fifths  of  the  wa- 
ter, or  four  times  188®,  equal  to  752®;  which,  added  to  the 
188®,  which  the  steam,  before  its  conversion,  had  contain- 
ed in  a  distributable  sute,  will  give  940®  of  heat,  thrown 
into  a  non-distributable  state  by  the  conversion  of  water 
into  steam. 
The  quan-       15.  By  Other  experiments,  the  quantity  of  heat,  wUch  be* 
titjT  tbus^    comes    non-distributable  during  the  conversion  of   water 
IJI^JiisTri.  into  steam,  is  indicated  to  be  above  1000<).  The  calcolatioQ 
butubie       by  Lavoisier  makes  it  about  1000*.  Upon  the  whole,  while 
nef»?7 1000  results  remain  thus  discordant,  the  quantity  may  be  taken 
dejp^es.     at  1000®  without  any  sensible  error. 

Dr  Black  16.  The  reader  has  now  been  put  in  possesaion  of  the 
fi{^5  ^V .  leading  facts,  ascertained  respecting  the  changes  of  state, 
manner  in  which  calonc  Undergoes  durmg  its  agency  m  the  conver- 
whicb  heat  sion  of  solids  into  liquids,  and  liquids  into  elastic  fluids. 
^on^tt'n.  I^  ^B  proper  now  to  inform  him,  that,  for  their  discoveiy, 
butabieinii-and  for  the  proper  conclusions  to  be  drawn  from  them, 

2d"froro*^»oI  ^^*^'"*^^*^'  *^  indebted  exclusively  to  the  sagacity  of  Dr. 
ikia,  aodin  Black.  This  chemist  designated  the  heat,  which  becomes 
vapours  non-distributable  during  the  change  of  state  of  a  body,  la- 
from  li-  ^^^2^  heat,  on  account  of  its  lying  hid  as  it  were,  and  thereby 
(luids.  not  influencing  the  thermometer.  He  supposed  that  it  be- 
came chemically  combined  with  a  body  after  its  change. 

17*  It  has  already  been  mentioned  as  probable,  that  li- 
quids have  a  greater  capacity  for  heat  than  the  solids,  from 
which  they  arc  formed  by  the  agency  of  caloric*  The  same 
reusons,  which  make  this  probable,  concur  to  create  a  belief^ 
that  vapours  have  a  greater  capacity  than  the  liquids  from 
Absolute    which  they  are  obtained  by  the  same  agency.  This  appears 
caii(i)ricof    to  have  been  the  opinion  of  Dr.  Irvine  of  Glasgow,  who 
culateti  by  <^^so  supposed,  that  the  capacity  of  bodies  for  heat  remained 
Dr.  lr\ine.  the  same  at  all  temperatures.  These  two  opinions  taken  for 
granted,  he  proposed  to  found  upon  them  a  calculation  to 
determine  the  absolute  quantity  of  heat  in  bodies,  as  mea- 
sured bv  degrees  of  the  thermometer.  To  apply  his  method 
of  reasoning  to  the  case  of  water,  he  supposes,  that  the  num- 
bers which  express  the  capacities  for  heat  of  water  and  ice, 
expn  ss  also  the  ratio  of  their  absolute  calorics;  and  as  the 
capacity  of  the  former  to  that  of  the  latter  is  as  10  to  9, 
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lerefore,  the  quantity  of  heat  in  water  at  32^  is  to  that  in  CsAr.  n. 
c  at  the  same  temperature,  as  these  numbers  are  to  each 
her;  or,  which  amounts  to  the  same  thing,  water,  in  the 
:t  of  freezing,  gives  out  j\^th  of  its  heat;  but  this  tenth  of 
le  heat  of  water  is  ascertamed  to  be  equal  to  140^,  there- 
ire,  the  whole  of  its  heat  must  be  equal  to  140  x  10.  or 
100^. 

18.  The  plan,  upon  which  Dr.  Irvine's  calculation  is  con-  Dr.Irrin^i 
ucted*  is  unquestionably  correct  in  itself;  but  the  data  upon  ^''^J^ 
hich  it  is  founded  are  far  from  being  certain.  Some  experi-  ^^ 
lents,  indeed,  seem  rather  unfavourable  to  the  idea,  that 
le  capacity  of  a  body  for  heat  remains  the  same  at  all  tem- 
tnratures.  Dr.  Irvine  supposed  also,  that,  when  a  body 
banged  its  state,  its  capacity  was  altered,  and  heat  conse- 
uently  either  given  out  or  absorbed.  Thus,  when  water  is 
inverted  into  steam,  heat  is  absorbed,  or  rendered  non-dis- 
ibutable,  because  steam  has  a  greater  capacit}'  for  heat  than 
rater.  But  the  absorption  of  the  heat  cannot  be  accounted 
ir^  by  saying,  that  steam  has  a  greater  capacity  for  heat 
nun  water;  for  the  question  arises,  what  converts  the  water 
ito  steam?  It  cannot  be  answered,  heat;  since  this  would 
BM>unt  to  saying,  that  water  becomes  steam  because  it  ab- 
orba  heat;  and  water  absorbs  heat  because  it  becomes 
team.  All  that  can  be  safely  said  is,  that,  at  a  particular 
empcrature,  water  so  combines  with  a  certain  quantity  of 
eat,  as  to  render  it  non-distributable;  and  that  this  peculiar 
ombination  of  water  and  heat  results  in  the  formation  of  an 
lastic  fluid,  of  greater  capacity  than  water,  namely  steam. 

lU.  OF  CHEMICAL  CHANGES  PRODUCED  BY  CAU)R1C. 

!•  Very  few  words  will  be  said  under  this  head.  It  is  Heat  pi^ 
aentioned  for  the  sake  of  precision  in  the  classification  of  <l^<^s.>nai}y 
he  subject.  The  reader  is  already  acquainted  with  the  fact,  oh^^^ 
hat  heat  constitutes  the  most  powerful  means  of  analysis  in 
he  hands  of  the  chemist;  since  it  has  been  evinced  at  every 
tcp  in  the  progress  of  the  present  work.  Heat  is  supposed 
o  produce  decompositions,  by  altering  the  relative  intensi- 
ies  of  affinities.  It  assists  combination,  by  diminishing  the 
brce  of  cohesion  in  the  particles  of  homogeneous  bodies. 
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SECTION  VI. 


OF  THB  DIFFERENT  INSTRUMENTS  IN  COMMON  USE  FOR 
MEV^URING  THE  INTENSITY  OF  HEAT. 

Initru-  The  instruments,  which  it  is  proposed  to  describe  in  this 

mcMurioK  *^ction,  arc  the  common  thermometer^  Leslu^s  differential 
htBtlrt     thermometer,  and  WedgewootPs  tyrometer. 

1.  CommoD  I.  OF  THE  COMMON  THERMOMETER. 

tvr.  1«  The  thermometer  is  an  instrument,  composed  of  a 

tube  of  glass,  blown  at  one  end  into  a  bulb,  partly  filled 
with  mercury  and  hermetically  sealed.  When  it  is  plunged 
into  a  hot  body,  the  mercury  expands  and  rises  in  the  tob^ 
when  put  in  contact  with  a  cold  body,  it  contracts  and  fidb. 
In  order  to  measure  the  expansion,  the  tube  is  divided  into 
equal  parts  called  degrees. 

2.  The  thermometer  was  invented  about  the  beginning  of 
the  seventeenth  century.    The  invention  is  attribated  by 
some  to  Sanctorius.  Science,  however,  is  indebted  to  New- 
ton for  the  method  of  making  thermometers,  which  might  be 
compared  with  each  other. 
Thermo-        3*  Thermometers,  to  answer  the  purpose  of  comparison, 
meters       must  have  certain  fixed  invariable  points  in  their  scales. 
fix<^|iointi  ^^  temperature,  at  which  ice  melts,  and  water  boils  under 
on  their      a  given  pressure  of  the  atmosphere,  is  invariably  the  same; 
•caics.        these  temperatures,  therefore,  are  taken  as  the  fixed  points, 
and  the  scale  is  graduated  in  different  directions  from  them. 
When  a  thermometer  is  ready  for  graduation,  it  is  plunged 
into  melting  snow  or  ice,  and  the  point  at  which  the  mercuiy 
stands  in  the  tube  is  marked  on  the  glass.   It  is  afterwards 
plunged  into  boiling  water,  and  the  new  point  at  which  the 
mercury  rests  is  also  noted,  'f  he  space  between  the  freez- 
ing and  boiling  points,  thus  obtained,  is  then  divided  into  a 
convenient  number  of  t- qual  parts  called  degrees. 

4.  Different  nations  have  followed  different  plans  in  the 
graduation  of  thermometers,  but,  in  all  of  them,  the  freezing 
and  boiling  temperatures  of  water  are  the  fixed  points  in  the 
scale.  There  are  four  mercurial  thermometers  in  common 
use  in  various  parts  of  the  world,  differing  in  no  other  re- 
spect than  in  the  manner  of  their  graduation. 
'llnrmn-         5.   In  Fahrenheit's  thermometer,  the  space  between  the 
Fjihrou'*     freezing  and  boiling  points  is  divided  into  180^;  but  the  be- 
hcii;  ginning  of  the  scale  is  fixed  at  32°  below  the  freezing  point, 

at  the  temperature  produced  by  mixing  together  snow  and 
common  salt.    Hence   the  freezing  point  is  marked  32*', 
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and  the  boiling  point  313<>.    This  thennometer  ii  used  in  Ciaf.  n. 
Britain  and  the  United  Sutes.  

6.  In  Celsius's  thermometer^  the  space  between  the  freez-  ofCeitiai; 
ing  and  boiling  points  is  divided  into  100^,  the  freezing 
point  being  placed  at  zero,  and  the  boiling  point  at  100<>. 
This  thermometer  is  used  in  Sweden,  and  has  been  employed 
in  France  since  the  revolution,  under  the  name  of  the  centi- 
grade thermometer. 

7*  In  Reaumur's  thermometer,  the  scale  begins  at  theoriuaa- 
freezing  point,  and  the  boiling  point  is  marked  80®.  This  "^■"*  *°^ 
thermometer  was  used  in  France  before  the  revolution. 

8.  In  De  Lisle's  thermometer,  the  space  between  the  of  De  Uile. 
boiling  and  freezing  points  is  divided  into  150^;  but  it  dif- 
fers in  this  particular  from  all  other  thermometers,  that  its 
graduation  begins  at  the  boiling  point,  which  is  marked  O, 
and  increases  towards  the  freezing  point,  which  stands  at 
150^*  This  thermometer  is  used  in  Russia* 

n.  OP  LESLIE'S  DIFFERENTIAL  THERMOMETER. 

1.  This  thermometer  consists  of  a  glass  tube,  bent  in  the  s.  Letlie^i 
form  of  the  letter  U,  and  terminating  at  each  extremity  in  a  theniiom«» 
hollow  bulb  of  the  same  size.  The  tube  is  partly  filled  with  hl^eoB- 
sulphuric  acid,  tinged  red  by  carmine.  Both  bulbs  are  al-  ttruoted. 
Ibwed  to  be  full  of  air,  and  communicate  with  the  tube.  To 
<Mie  leg  of  the  instrument,  an  ivory  scale  is  affixed,  divided 
into  100  equal  parts,  the  zero  of  which  is  made  to  corres- 
pond to  a  point  of  the  tube,  a  litde  above  the  bend.  The 
other  leg  is  left  bare,  and  the  ball,  belonging  to  it,  is  called, 
by  way  of  distinction,  the  focal  ball.    Before  the  glass  is 
sealed,  the  sulphuric  acid  is  so  disposed,  as  that  its  upper 
surface  may  stand  opposite  to  zero  of  the  ivoiy  scale.  Now 
it  is  evident,  that,  if  this  instrument  be  placed  in  any  situa- 
tion/in  which  both  the  balls  are  exposed  to  the  same  tempera- 
ture, the  sulphuric  acid  will  not  move  in  the  tube,  since  it  is 
pressed  equally  in  contrary  directions  by  the  air  contained  in 
the  balls.  But  supposing,  that  the  focal  ball  be  exposed  to  a 
temperature  higher  than  that  which  influences  the  other  ball, 
then,  by  a  necessary  consequence,  the  sulphuric   acid  is 
pressed  towards  the  colder  ball,  and  rises  in  the  leg  to  which 
the  scale  is  attached,  proportionably  to  the  excess  of  tempera- 
ture of  the  focal  ball  over  that  of  die  other  ball;  and  this  rise  is 
measured  by  the  divisions  marked  on  the  ivory  scale.  This  UsetofthiB 
instrument,  it  must  be  obvious,  is  well  suited  for  ascertain-  thermomc- 
ing  an  accumulation  of  heat  at  a  particular  point,  which  does  ^^' 
not  extend  to  the  surrounding  atmosphere,  as  happens  in  the 
focus  of  a  reflecting  mirror;  and  it  was  by  means  of  it,  that 
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BookIL  Leslie  was  enabled  to  make  such  precise  observations  upon 
"  the  radiating  and  reflecting  powers  of  different  bodies. 

m.  OF  WEDGEWOOira  PYBOMETEB. 

3.  Wedgo-       1.  The  fitness  of  this  instrument,  for  the  purposes  of  a 
J^**  Py*  measurer  of  heat,  depends  upon  the  property  which  clay  has 
of  contracting  in  high  temperatures.    This  fact  respecting 
clay  has  already  been  noticed,  while  enumerating  the  excep- 
tions to  the  gtrneral  law  of  the  expansion  of  bodies  by  heat. 
Wedgewood's  p\  romcter  consists  of  a  number  of  pieces  of 
•mietod.'    ^^^y  ^^  ^  determinate  size,  and  an  instrument  for  measuring 
their  bulk  with  accuracy.  The  latter  is  formed  of  two  brass 
rules  twenty-four  inches  long,  fastened  upon  a  plate,  half  an 
inch  apart  at  one  end,  and  three-tenths  of  an  inch  at  the 
other.  The  rules  are  divided  into  340  equal  parts,  or  tenths 
of  an  inch,  called  degrees.  The  clay  pieces  are  small  cylin- 
ders, first  exposed  to  a  red  heat,  and  then  made  to  fit  be- 
tween the  brass  rules,  opposite  the  first  degree  of  the  scale,* 
which  therefore  corresponds  with  a  red  heat,  or  947®  of 
Fahrenheit's  thermometer. 
How  oied*       2.  The  manner,  in  which  a  high  temperature  is  ascertained 
by  this  instrument,  is  to  expose  one  of  the  clay  pieces  to  die 
heat,  which  it  is  intended  to  measure,  until  it  has  acquired 
the  same  temperature.     It  is  then  withdrawn  from  die  fire, 
and  when  cool,  slid  between  the  brass  rules;  and  the  degree, 
which  its  bulk  has  diminished,  is  ascertained  by  the  distance 
it  is  capable  of  passing  up  between  the  rules.     Wherever  it 
stops,  the  intensity  of  the  heat  is  indicated  by  the  corres- 
ponding divisions  on  the  brass  rules. 
Not  an  ex-       3.  It  is  to  be  regretted  that  the  contraction,  produced  by 
er  oTlieat '^' ^^^  same  degree  of  heat,  in  different  pieces  of  clay  is  not 
precisely  the  same.     This  instrument,  therefore,  cannot  be 
considered  as  an  accurate  measurer  of  heat.    Notwithstand- 
ing, its  invention  has  been  attended  with  considerable  prac- 
tical utility,  in  ascertaining  high  temperatures,  in  operations 
in  which  great  accuracy  is  not  essential. 
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BOOK  III. 

OF  THE  GENERAL  PROPERTIES  OF  MATTER,  UPON 
WHICH  CHEMICAL  CHANGES  DEPEND. 

1.  In  the  two  books,  just  conxpleted,  of  the  science  of  Book  ill. 
chemistry  properly  so  called,  all  the  bodies,  which  come  The  pre. 
under  the  notice  of  the  chemist,  have  been  described,  and  tent  book 
a  history  of  the  chemical  changes  produced  by  their  mutual ^*^^*^* 
action  has  been  given.  Those  two  books,  therefore,  may  be  ehcmieal 
considerc^d  as  having  been  employed  in  recording  the  ef-  <^a»s^- 
fects  of  chemical  action:  the  causes  of  those  effects,  or  the 
general  principles  upon  which  chemical  changes  occur,  will 

form  the  subject  of  the  present  book. 

2.  What  takes  place  during  any  chemical  change  must  be 
considered  as  a  mere  insulated  fact;  and  reasoning  upon 
such  fact,  the  mind  does  not  hesitate  to  believe,  that,  upon 
whatever  properties  impressed  upon  matter,  the  changes  oc- 
curring in  one  chemical  action  depend,  upon  the  very  same 
properties  all  chemical  changes  must  depend. 

3.  Chemical  changes  always  take  place  at  insensible  dis*  These 
tances;  the  causes  of  these  changes,  therefore,  must  operate  f^,?"<^ 

...      J.  ,  o     »  T  r       .     take  pUce 

at  insensible  distances  alsi^  at  intenu- 

4.  Whatever  the  power  may  be,  which  holds  together  the  **'«  ^^^^^ 
particles  of  bodies  which  form  masses,  it  is  a  force  which  ^mruiKia ' 
operates  at  insensible  distances.  It  is  a  force  also,  which  va-  ftUmetiuiM 
ries  in  intensity,  as  is  proved  by  the  different  degrees  of  ^^  ,jjjjl 
counteracting  force  necessary  to  overcome  it.    This  force  l«r|Mrtieies 
has  been  called  the  attraction  of  aggregation.  or'ketwSn 

5.  Again:  Whatever  it  may  be  which  holds  together  dis-  disiimiiar 
similar  particles  in  a  chemical  compound,  it  is  a  force  which  B!'/^^'^'- 
actsat  insensible  distances  also.  That  this  force  is  different  attraction  is 
in  intensity,  when  acting  between  different  dissimilar  parti- ^■^*>*."B" 
cles,  cannot  be  proved  by  any  mechanical  means,  but  this  fhp^u^l 
fact  is  demonstrated  by  what  occurs  in  chemical  decompo-  ehemieal 
sition;  for  here  a  force,  which  holds  together  dissimilar  par- ■"™'*'**'"' 
tides,  is  overcome  by  a  force  the  same  in  kind;  the  overcom- 
ing lorce  must,  therefore,  be  greater  in  degree.  This  force, 

on   account  of  its  holding  together  dissimilar  particles,  is 
called  chemical  attraction,  or,  more  usually,  chemical  affinity. 

6.  Thus  it  is  perceived,  that  there  may  be  fairly  deduced, 
from  the  phenomena  exhibited  by  matter,  the  existence  of 
an  attraction  between  its  particles,  acting  at  insensible  dis- 
tances, and  varying  in  its  int^-nsity  under  different  circum- 
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Book  IIL  Stances;  and  this  attraction,  so  acting,  may  either  be  betwcea 
"  particles  the  same  in  kind,  or  dissimilar  particles. 

7.  The  existence  of  an  attraction^  varying  in  intensity  be- 
tween dissimilar  particles,  ia  evinced  in  every  chemical 
combination  and  decomposition.  But  the  existence  of  such 
an  attraction  merely,  without  supposing  it  in  some  cases 
greater  in  mtensity  than  the  attraction  of  aggregation,  would 
not  be  sufficient  to  explain  chemical  action;  for  supposing 
the  attraction  of  aggregation  to  be  always  the  strtMiger, 
there  would  be  no  force  adequate  to  separate  similar  parti- 
cles from  each  other.  Hi-nce,  therefore,  it  may  be  said,  that 
all  chemical  changes  may  be  referred  to  the  operatioQ  of  aa 
attraction,  various  in  its  intensity,  which  takes  place  at  in- 
sensible distances  between  dissimilar  particles  of  mattcTi 
and  which,  to  be  efficacious,  must  be  stronger  than  the  same 
kind  of  attraction,  occurring  between  similar  particles* 

8.  Having  thus  given  an  account  of  the  general  principkiy 
upon  which  chemical  changes  occur,  it  will  next  be  proper 
to  consider  the  attractions  concerned  in  them,  namely  the 
attraction  of  aggregation^  and  chemical  affinity.  This  wiU 
be  done  in  the  two  following  chapters. 


CHAPTER  I. 

OF  THE  ATTRACTION  ^^F  AGGREGATION. 

(Syn.  Mtraction  of  Cohesion — Corpuscular  Attraction — Uomogene^xu  Jljimtjf,) 

AuracuoQ  1*  BuT  a  few  words  will  be  said  under  this  head*  There 
ofR^grcn.  jg  jjQ  difficulty  in  understandins:^  that,  bv  means  of  this  at- 
in  intenaitj.  traction,  matter  is  enabled  to  assume  the  form  of  masses. 
In  solids,  it  has  the  greatest  force;  and  in  different  indivi- 
dual solids,  its  intensity  is  very  various.  As  a  general  rule, 
it  is  much  the  strongest  in  the  metals,  the  tenacity  of  which 
depends  upon  the  energy  of  this  attraction.  What  is  called 
strength  in  inanimate  objects  depends  upon  the  degree  of 
this  attraction;  and  it  is  principally  owing  to  the  great  tena- 
city or  strength  of  the  metals,  that  they  are  of  such  im- 
mense importance  to  mankind. 

2.  The  attraction  of  aggregation  between  the  particles  of 
liquids,  although  much  less  than  that  between  the  particles 
of  solids,  nevertheless  exsts  to  a  certain  degree-     With  re- 
spect to  water,  it  is  proved  in  the  formation  of  a  drop  of  this 
It  is  absent  ^^^^'^'  ^^  which  every  particle  is  urged  towards  the  other  by  a 
between     Certain  degree  of  force,  as  is  evinced  by  its  spherical  figure. 
dJCT  of^  3.  Between  the  particles  of  gases,  there  is  no   attraction 

gases.        of  aggregation-    These  fluids,  as  far  as  observation  has  yet 
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OKtended,  are  capable  of  indefinite  expansion;  so  that  the    CaAg.  I. 
smallest  portion  of  them   may  fill  the  largest  imaginable 
apace. 

4.  The  attraction  of  aggregation,  as  has  been  alreadv  It  opmwes 
mentioned,  is  always  opposed  to  the  efficacy  of  chemical  at-  ^^^|l^^ 
finity.    Whenever  the  particles  of  two  dissimilar  solids  or  affinity. 
'liquids  combine  by  chemical  affinity,  it  is  because  this  latter 
atCracUon  is  stronger  than  the  attraction  of  ag^egation  be- 
tween the  mdividual  particles  of  each  body.  This  fact  sup- 
plies the  reason,  why  heat  is  so  efficacious  in  facilitating 
chemical  combination;  for  it  lessens  that  power,  which  ne- 
cessarily opposes  chemical  affinity*  When  a  solid  is  convert- 
ed into  a  liquid  by  heat,  in  so  far  it  is  rendered  more  capa- 
ble of  chemical  combination.  When  a  liquid  is  by  the  same 
means  converted  into  an  aeriform  fluid,  the  attraction  of  ag- 
gregation, as  an  opposing  force  to  chemical  affinity^  becomes 
CDtirely  removed. 


CHAPTER  II. 

OF  CHEMICAL  AFFINITY. 

(Sometimet  ealled,  Heterogvntoui  Affinity.') 

1.  Chemical  affinity  has  already  been  explained  to  be  that  Chemical 
attraction,  by  which  particles  not  of  the  same  kind  are  held^jj^j.**^ 
together     A  particle  of  sulphate  of  soda  is  composed  of  a 
particle  of  sulphuric  acid  and  a  particle  of  soda,  held  to- 
gether by  chemical  affinity;  but  the  different  particles  of  the 

sak  itself  are  kept  together  by  the  attraction  of  aggregation. 

2.  The  force  of  this  peculiar  attraction  varies  very  much 
according  to  the  bodies  between  which  it  is  exerted;  and  it 
18  upon  this  variableness  in  its  force,  that  all  the  decomposi- 
tions, which  can  be  effected  by  the  chemist,  depend. 

3.  Chemists  at  an  early  period  attempted  to  ascertain  the 
laws  of  chemical  affinity,  by  observing  the  phenomena  of 
composition  and  decomposition. 

4.  The  first  step  in  this  investigation  was  made  in  1677  Its  nature 
by  Mayow,  who  demonstrated,  that  the  previous  notion,  that  'jji^j'^'ffj^ 
the  ingredients  of  any  chemical  compound  are  destroyed  inyoww 
their  union,  was  not  founded  in  truth.   This  chemist  re-  ^^^• 
narked,  widi  some  precision,  the  power,  which  certain  sub- 
stances have,  of  displacing  others  from  their  combinations. 
These  observations  were  much  further  extended  in  1718  by  and^ 
Geoffroy,  senior,  who  ascertained  a  much  larger  number  of  J^J^jJ^^ 
decompositions,  and  attempted  to  prove,  that  bodies  separate  intf. ' 
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Book  III,  each  othrr  from  chemicd  combinations  in  ao  invariable  or- 

der^  vrhich  depended  upon  the  comparative  force  of  thtir 

attractions.  This  chemist  was  the  first  to  construct  tables  of 

affinity. 

Bei^an        5.  Nothing  of  importance  was  done,  in  inveslaq;ating  die 

paiihthed    j^^g  ^f  chemical  affinitv,  from  this  period,  until  Berffmaa 

OD  ihi*  tub-       11.  ill.       1.  .  ■•■  .  .® 

jeetini  775;  published  his  dissertation  on  etectwe  aitraciton»  m  1775* 
^I'^r  '^c^^'^'^^S  ^  ^^*  philosopher,  chemical  affinity  is  a  ccruia 
inieM''ftffinU  invariable  fdrce;  so  that  when  a  substance  is  presented  to  a 
ty  it  un  ID-  compound,  having  a  stronger  affinity  for  one  of  its  ooBsdta- 
fy^c.^      ents  than  they  have  for  each  other,  it  necessarily  oomUnes 
with  such  constituent  and  separates  die  other.    Bergmsn  il- 
lustrated his  opioions,  and  answered  the  objections  of  others 
with  so  much  success,  as  to  cause  his  doctrine  to  be  univer* 
sally  admitted,  and  to  be  considered  as  some  of  the  best  de» 
monstratcd  parts  of  the  philosophy  of  chemistry.    He  con- 
structed very  copious  tables  of  chemical  affinity,  in  which 
the  different  chemical  bodies  were  arranged  in  columns,  in 
the  order  in  which  they  separated  each  other,  considered  widi 
reference  to  a  given  substance  which  was  placed  above  them* 
The  body,  which  separated  all  the  rest,  was  placed  at  the 
head  of  the  column,  and  the  remainder  in  the  order  in  which 
they  separated  each  other. 
The  opi-         ^*  '^^^  opinions  of  Bergman  on  chemical  affinity  continiied 
moot  of      to  receive  the  universal  assent  of  chemists,  until  BerthoUet 
oHnS^ted  published  a  dissertation  on  affinity  in  the  third  volume  of 
by  Bertbol-  the  Memoirs  of  the  Institute,  and  his  Essay  upon  Chemical 
4etin  ^808.  s^^j^^g^  j^   1803.  According  to  this  chemist,  affinit)*  is  not 
an  invariable  force.  It  is,  indeed,  different  in  degree  in  dif- 
ferent bodies;  and  the  affinity  of  one  body  for  any  other  is 
modified  by  the  mass,  in  which  it  is  presented  for  combina- 
tion. A  body,  which  has  an  affinity,  for  one  ingredient  of  a 
compound,  stronger  than  that  by  which  such  ingredient  it 
held,  does  not  necessarily  separate  the  whole  of  such  ingre- 
dient, but  combines  with  a  portion  of  it  only;  and  the  por- 
tion separated  bears  the  same  relation  to  that  which  remains 
still  combined,  as  the  respective  affinities  of  the  attracting 
body  and  the  retaining  body  have  to  each  other.    Again;  a 
body,  reputed,  by  the  old  doctrine,  to  have  a  weaker  affinity 
for  one  of  the  constituents  of  a  compound  than  such  consti- 
tuents have  for  each  other,  may  nevertheless,  according  to 
BerthoUet,  cause  a  partial  decomposition,  by  bringing  into 
operation  the  modifications  occasioned  by  mass.  For  eiam- 
pie,  a  large  quantity  of  potash  is  capable  of  separating  a 
portion  of  sulphuric  acid  from  a  small  quantity  of  sulphate 
of  barytes. 

7.  The  doctrines  of  BerthoUet,  respecting  affinity,  are  in 


CUBMIOAL  AJVfUUR*  ^| 

flM^r  vttpecu  Toy  different  from  those  mdvoeoted  b}r  Brrg^  CgAy.iL 
son*    AcoQuding  to  the  last  naned  ehemiat,  when  one  «S-  Doetnoet 
aitjr  it  greater  than  another^  the  weaker  affinitjr  has  no  in*  ^Bwgmut 
lluence  in  a  result,  and  decoOBpositioa  is  neccsstfily  com-Jj^^^l^. 
pkic:  according  to  BerthoUet,  when  a  body  has  an  attrac-  tmted. 
|ioa«  for  another  body  in  coasbination,  stronger  than  chat  by 
vluch  such  body  is  held,  the  body  attracted  does  not  become 
vlmUy  separated,  but  is  divided,  between  the  attracting 
bo^  and  the  body  with  which  it  was  first  united,  in  poi> 
tioM,  bearing  the  same  relation  to  each  other,  as  the  reapec^ 
tiirc  afinities  of  these  bodies*  According  to  Bergman,  asasa 
lua  «>o  influence  over  decomposition:  according  to  BertfaoU 
let,  the  power  of  attraction  of  the  decomposing  body  is  in^ 
creaaed  by  the  relative  jeiLcem  of  ica  mass. 

8*  Although  mass  appears  to  be  efficacious,  it  by  no 
means  identifies  chemical  affinity  with  gravitation;  for  it  is 
not  absolute  but  relative  mass,  which  has  an  influence  in  mo- 
difying the  force  of  chemical  affinity. 

9»  The  doctrines  of  chemical  affinity,  in  their  present  un-DoetriiiM 
setded  state,  seem  to  require  for  their  explanation,  that  che-?^^  ^ 
aical  combinations  should  be  divided  into  those  which  take^nieai  tM^, 
place  in  definite  proportions,  and  those  which  do  not  occur  ^t  very  tu- 
rn this  way.  "^•*- 

10»  The  reader  has  already  been  made  acquainted  with  the 
lending  features  of  the  atomic  theory  in  a  preceding  part 
of  this  work.  All  combinations,  which  tally  with  this  the- 
ory, would  appear  to  take  place  according  to  the  principles 
of  Bergm^,  mass  being  in  nowise  efficacious.  This  appears 
to  be  particularly  the  case  in  the  mutual  decomposition  of 
aaha,  whtre  there  is  a  complete  interchange  of  ingredients. 
But  when  bodies  do  not  combine  in  definite  proportions, 
then  mass  appears  to  be  efficacious,  by  increasing  the  quan- 
ti^,  which  one  ingredient  of  a  mixture  may  take  up  of  some 
odher  ingredient  without  being  saturated.  For  it  would  ap- 
pear, that  bodies  have  less  attraction  for  others,  with  which 
they  can  combine  in  any  proportion  within  certain  limits, 
the  nearer  the  quantities,  with  which  they  have  already  com- 
bined, approach  such  limits.  For  example,  the  increase 
of  the  mass  of  a  solvent,  while  the  body  dissolved  re- 
mains the  same,  unquestionably  makes  the  limit  of  combi- 
nation recede,  and  may  thereby  increase  the  affinity. 

11.  Since  the  new  facts  respecting  chemical  affinity  have  Tables  of 
been  made  known,  tables  of  affinity  have  become  of  compa-^|j™'9^!^* 
ratively  little  value.     Tables,  exhibiting  the  order  in  which  not^e" 
bodies  decompose  each  other,  must  be  taken  with  certain  F^*^  i^- 
exceptions.  Thus,  with  respect  to  hydrogen  and  carbon,  it  is  **""^^* 
impossible  to  ascertain  which  has  the  greatest  affinity  for 
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BooKin.  oxygen;  for,  while  charcoal  decomposes  water  at  a  red  heat, 
hydrogen  in  its  turn  is  capable  of  decomposing  carbonic 
acid  at  the  same  temperature.  Several  similar  anomalirs  in 
decomposition  obtain  with  regard  to  other  bodies. 

12.  It  is  on  these  accounts,  that  the  student  cannot  with 
any  safety  depend  upon  the  information  given  by  tables  of 
chemical  affinity.  There  is  one  general  rule,  however,  which 
he  may  recollect  with  advantage.  It  is,  that  acids,  either 
uncombined  or  as  constituents  of  salts,  almost  invariably 
precipitate,  from  acid  solutions,  those  bases,  with  which  they 
form  insoluble  saline  compounds.  And  this  is  equally  true 
with  regard  to  those  bases,  which  form  insoluble  salts  with 
particular  acids.  Hence  the  importance  becomes  evident  of 
recollecting  those  salts  which  are  insoluble. 


b  _ 
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PART  IL 


CHEMICAL  EXAMINATION  OF  NATURE. 


It  is  proposed,  in  the  second  part  of  the  present  work,  to  PavtIL 
make  but  a  partial  chemical  examination  of  the  different  gubipcur* 
objects  of  nature.     All   material  bodies  are  not  equally  embmeed 
interestinir  to  the  student  of  medicine.     The  mineral  kinc:-"!^!}'  '^^ 
dom  constitutes  a  very  mterestmg  study;  but  it  is  not  a  ne*  tiie  pretent 
ceasaiy  part  of  medical  chemistry.  The  vegetable  kingdom  ^^*  ^ 
famishes  a  great  number  of  important  aliments  and  medi- tlbediieiS- 
cines:  vegetables,  therefore,  will  be  examined  so  far,  as  to  ^  of  the 
brinsc  under  consideration  the  nutritive  or  medicinal  forms  h«.°^^  ^ 
of  the  matter  which  compose  them.     With  regard  to  ani- 
mals, the  view  will  be  extended  no  farther  than  to  give  the 
chemistry  of  the  different  parts,  which  compose  the  human 
body. 

But  in  taking  this  partial  chemical  view  of  nature,  the  at'  aod  the  at- 
masphere  which  surrounds  the  globe,  and  water^  which,  in  ™opP*>c«« 
different  states  of  purity,  forms  so  important  a  part  of  it,  oftha 
must  not  be  neglected  to  be  noticed.  These  portions  of  nature  ^^^ 
are  particularly  interesting  to  the  student  of  medicine,  and 
should  be  carefully  studiedby  him.  Accordingly,  the  second 
part  of  this  work  will  commence  with  an  account  of  the  at- 
mosphere and  water,  forming  the  subject  of  a  first  book. 
Vegetable  chemistry  will  then  be  considered  in  a  second 
book,  and  human  animal  chemistry,  in  a  third  book. 
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BOOK  I. 

OF  THE  ATM08PHBRE  AND  WATER,  GENERALLY. 

p^mT  IL       1*  A  very  large  proportion  of  the  matter,  which  consd- 

BookL    tutes  oar  ^obe,  consists  of  the  atittOsphere,  which  floats  / 

round  it  on  all  sides,  and  the  water,  which  covers  so  large  a 

Natare  of  portion  of  its  surface.  The  height  of  the  atmosphere  cannot 

the  fttnuM-  be  calculated;  for  the  indefinite  expansibility  of  air  does  not 

^  ^^'       leave  room  for  belief,  that  this  fluid  would  ever  refuse  to- 

expand  in  open  space,  however  rare  it  might  become.  The 

Weight  of  the  atmosphere  may  be  ascertained  by  observing 

the  weight  of  a  column  of  mercury,  sustained  by  its  pressure 

in  a  barometrical  tube.  The  weight  of  a  column  of  mercuiy, 

thus  sustained,  has  been  demonstrated  to  be  equal  CO  dkatof  all 

the  atmosphere,  which  presses  upon  a  base  equal  to  the  bite 

6f  such  column.  The  height  of  the  column  sustained  by  the 

atmosphere  is  difl^erent  at  different  times,  and  hence  it  is 

proved,  that  the  weight  of  the  atmosphere  varies;  but  takiag 

the  mean  height  of  the  barometer  to  be  thirty  inchei)  and 

consequently  the  mean  weight  of  the  air  to  be  indicated  by 

the  weight  of  such  a  column,  then  it  is  evident,  that  the 

Weight  of  a  hollow  shell  of  mercury,  enclosing  the  eardi  and 

thirty  inches  in  thickness,  would  be  the  same  as  the  weight 

of  the  whole  atmosphere  at  a  medium  pressure.    In  ^is 

way,  the  atmosphere  has  been  calculated  to  weigh  more  than 

955  millions  of  millions  of  tons. 

The  water     2.  There  is  no  method  for  ascertaining  the  quantity  of 

canno/b?*  Water,  of  which  the  globe  is  formed,  as  there  is  no  means  of 

calculated    determining  the  depth  of  the  ocean,  which  forms  the  great 

decide  of    ''^servoir  of  this  liquid.  Upon  the  supposition,  that  the  mean 

preciaion.    depth  of  the  sea  is  not  more  than  a  quarter  of  a  mile,  and 

that  three-quarters  of  the  earth's  surface  is  covered  by  it, 

Dr.  Thomson  calculates,  that  the  solid  contents  of  the  ocean 

would  be  somewhat  more  than  thirty-two  millions  of  cubic 

miles. 

3.  What  has  been  already  said,  respecting  the  atmosphere 
and  water  of  the  globe,  may  be  considered  as  belonging  to 
the  department  of  mechanical  philosophy  rather  than  to  che- 
mistry. It  now  becomes  proper  to  take  up  the  consideration 
of  these  objects  for  investigation  separately,  in  a  chemical 
point  of  view;  and  this  is  done  in  the  two  following  chapters. 
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•  Chap.  I. 

CHAPTER  I. 

OF  THB  ATMOSPHERE. 

!•  It  has  already  been  stated  in  a  foregoing  part  of  this  The  almoin 
%ork,  that  the  great  bullc  of  the  atmosphere  consists  of  anfjl^^gf 
.idr  composed  of  oxygen  and  azote.    This  air  has  been  caDed 
;    by  chemists  atmospheric  air.  But,  besides  this  compound 
^  .  air,  the  atmosphere  contains  a  variable  quantity  of  water  in 
a  state  of  vapour,  and  a  small  proportion  of  carbonic  acid. 
80  that,  excluding  accidental  bodies  which  may  float  in  it, 
die  atmosphere  is  made  up  of  i  Atttoi- 

1.  Atmospheric  air,  piieriovr. 

2-  Vapour,  |Vj^ 

3.  Carbonic  acid*  aeid. 

S.  In  the  common  acceptation,  however,  of  the  term  at- 
moMpheric  air^  the  whole  atmosphere  is  meant*  The  pre- 
geiice  of  vapour  and  carbonic  acid,  occurring  in  so  small 
amount,  does  not  alter  perceptibly  its  properties;  and  when 
the  mechanical  properties  of  atmospheric  air  are  investigated, 
k  is  sufficiently  pure  for  the  purpose  of  experiment,  as  it 
^acista  in  the  atmosphere* 

3*  Atmospheric  air  is  an  invisible  elastic  fluid*  By  rea-  Prop«rtiei 
BOA  of  its  elasticity,  it  is  densest  near  the  surface  of  the  Jjjj*!^^^. 
cairth,  and  its  density  diminishes  with  its  height*  It  has  been 
aacertained  by  experiment,  that  the  density  decreases  in  a 
geometrical,  as  the  height  increases  in  an  arithmetical  pro- 
gression. Its  apparent  visibility,  deduced  from  the  blue  co- 
lour of  the  sky,  has  been  ascertained  to  depend  upon  the 
Seaence  of  vapour*  Saussure  has  found  in  his  observations, 
at  die  sky  has  a  deeper  shade  of  blue,  the  higher  the  point 
is,  from  which  it  may  be  viewed.  This  circumstance,  he 
aiKribcs  to  the  diminishing  quantity  of  vapours  suspended 
in  the  higher  regions  of  the  air,  affording  a  diminished 
reflection  of  light* 

4*  By  the  common  consent  of  chemists,  atmospheric  air  The  weight 
ib  vsisumed  as  the  standard,  with  which  the  specific  gravities  ^^^Hu^^' 
of  all  aeriform  fluids  are  compared;  and  hence  its  specific  compai-ed 
gravity  is  uken  at  unity*  Compared  bulk  for  bulk  with  wa-  Jj'^JJJjJJ^pj*  * 
ter,  it  is  828  times  lighter  than  this  liquid*    One  hundred 
cubic  inches  of  it  weigh  30*5  grains,  troy* 

5*  According  to  the  most  accurate  analyses,  reduced  to  ^*  eompo- 
numbers  which  best  accord  with  the  atomic  theory,  atmos-  "lomicSIvr 
pheric  air  is  composed  of 

Oxygen         8*00— -one  atom* 
Azote  26-33 — 

From  this  statement  it  appears,  that  the  proportion,  in 
which  oxygen  and  azote  combine  in  the  formation  of  atmos- 

3N 
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PahtH.  phcric  air,  docs  not  accord  with  any  atomic  supposition  of 
"*'Q^  ^-  combination,  1  he  quantity  of  azote,  combined  with  one 
atom  ot  ox\  gen,  indicates  somewhat  less  than  two  atoms* 
Atmospheric  air  is  undoubtedly  a  chemical  compound,  al- 
though its  ingredients  may  be  united  in  a  manner  peculiar 
to  the  gases,  uhen  they  combine  without  losing  their  gaseous 
form* 
by  bulk*        ^  One  hundred  parts  of  atmospheric  air  are  composedi 

by  bulk  of 

Oxygen         21 
Azote  79 

100 
RiitfV  by  weight  of 

^«^8*>^  Oxygen         23-299 

Azote  76*701 


100-000 
First  itep        5,  Having  given  the  composition  of  atmospheric  air,  it  it 
coven  ot    ^^^^  proper  to  lay  before  the  reader  some  account  of  the 
thec6ni»u.  discovery  of  its  compound  nature.  The  first  step  in  thisob- 
nlospherkJ*^^^  ^^  research  was  made  by  Priestley,  in  his  discovery  of 
air,  ni»fle    oxvgen  gas.  This  chemist  supposed,  that  the  gas  now  known 
bv  Prieit-   by  jh^j  name  of  azote  was  in  fact  nothing  but  ox*,  gen  gas 
saturated  with  phlogiston;  and  hence  he  believed,  that  com- 
mon air  was  oxygen  gas,  combined  with  a  variable  quantity 
of  this   imaginary   principle.    About   the   same    time  that 
Priestley  came  to   this  conclusion  respecting  the  nature  of 
atmospheric  air,   Schtele  was  emploxed  in  making  experi- 
ments with  a  view  to  determine  its  composition.    This  che- 
Schcolc*s     mist  found*  that,  upon  exposing  a  given  portion  of  air  to  the 
researches   ^.^jqj^  q\  l\^^.  liquid  sulpharets,  its  bulk  was  diminished,  and 

upon  al-  .  •»  «- 

infwpheric    it  was  no  longer  c  ipablc  of  supporting  flame.   He,  therefore, 
*"^'  concluded,  that  the  portion  which  gave  the  air  the  property 

of  supportinji;  ft  me  had  disappeared,  and  called  what  re- 
m'd\m(\foui  air.  He  ascertained  also,  that  the  air  which  had 
disappeared  was  the  same  with  that,  which  is  extricated  from 
nitrate  of  potash  (nitre),  or  peroxide  of  manganese  by  heat; 
since  upon  mixing  this  air  with  his  foul  air  in  certain  pro- 
portions, he  produced  atmospheric  air.  To  this  latter  air,  he 
gave  the  name  of  empyreal  air* 
ami  his  con-  7.  Thus  it  appt  ars,  ih^t  Scheele  discovered  the  actual 
constituents  of  atmospheric  air.  He,  however,  did  not  be- 
lieve, that  the  effect  of  the  liquid  sulphurets  was  to  absorb 
his  empyreal  air.  According  to  his  theory,  this  latter  air 
disappeared  in  consequence  <if  its  combining  with  the  phlo- 
giston of  the  sulphurct;  in  which  state  of  combination,  he 
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supposed  it  to  form  caloric,  and  to  pass  through  the  vessel.  Chap.  i. 
So  that  Scheeltr,  like  Priestley,  erred  in  the  theory,  which 
lie  adopted  respecting  the  constituents  of  air* 

Sm  L.avoisier  appears  to  have  been  the  first  chemist,  who  Uroisier 
drew  the  proper  conclusions  from  the  experiments,  which  ?/^^'***'^ 

•      .-  ,  ■ ,     '  ..  I       •        •  r»  I  the  proper 

MKlicated  the  constituents  oi  atmospheric  air.     He  exposed  eoadutions 
mercury  to  its  boiling  heat,  and  found  that  it   became  con-  <'roin  the 
▼crted  into  the  peroxide  (red  oxide).  Part  of  the  air  which  menu," 
liaci  been  confined  over  it  had  disappeared,  and  what  remain-  which  indi- 
cd  was  incapable  of  supporting  flame.    This  chemist  ascer-  ^nstitu  * 
taiDed  further,  that  the  air  which  had  disappeared  had  actu-  etitsoiat- 
ally  combined  with  the  peroxide  formed;  for  when  this  ox-  ™***P**c»" 
ide  was  exposed  to  heat,  it  yielded  an  air,  which,  by  mix- 
ture with  the  residual  air  just  spoken  of,  reproduced  the  at- 
mospheric air.     Lavoisier  also  ascertained,  that  the  liquid 
sulphurets  actually  absorbed  one  constituent  of  atmospheric 
air,  the  constituent  afterwards  known  by  the  name  of  oxygen 
gas,  and  that  the  sulphur  which  they  contained  was  acidi- 
Brd.  Thus  he  disproved  the  theory  of  Scheele  with  respect 
to  the  disappearance  of  the  oxygen  gas. 

9.  As  soon  as  the  composition  of  atmospheric  air  was  sa-  The  parity 
tiafactorily  made  out,  upon  comparing  together  the  proper-  **u*[.^°% 
ties  of  its  constituents,  chemists  very  confidently  concluded,  pretura- 
that  its  purity  must  depend  upon  the  quantity  of  oxygen  ^  *^  ^^^. 
which  it  might  contain.     Accordingly,  they  set  about  con-  L^n^tlle 
triving  a  number  of  instruments,  bv  which  the  proportion  of  <i"«"^^y  P^ 

•   ^«  •  •  '    •  r      ^  V      •        •      oxveren  it 

oxygen,  existing  m  any  givrn  portion  of  atmospheric  air,  n„-g|,j  con- 
might  be  measured.  These  instruments,  from  their  supposed  tain. 
uae   in  ascertaining  the  purity  of  air,  were  called  eudiome- 
ters. 

10.  All  the  eudiometers  invented  agreed  in  being  so  many  Principal 
different  plans,  by  which  the  oxygen  contained  in  any  given  ^^*"^' 
portion  of  air  might  be  wholly  abstracted;  and  the  purity  ofthoMof 
the  air  experimented  upon  was  supposed  to  be  proportional  S^**^^* 
to  the  smallness  of  the  residuum.    The  principal  ones  are  Volta  and 
those  of  Priestley,  of  Scheele,  of  Volta,  and  of  BerthoUet.  ^erthoUet. 
The  eudiometer  of  Priestley  depended,  for  the  results  which 

it  gave,  upon  the  property  possessed  by  deutoxide  of  azote 
(nitrous  gas),  of  absorbing  oxygen  gas  from  atmospheric  air 
and  being  converted  into  nitrous  acid.  That  of  Scheele  con- 
sisted of  a  portion  of  air,  confined  with  an  alkaline  sulphu- 
ret,  or  a  moistened  mixture  of  iron  filings  and  sulphur,  in 
an  inverted  graduated  glass  tube,  over  water.  These  sub- 
stances have  the  property  of  absorbing  all  the  oxygen  con- 
tained in  any  insulated  portion  of  atmospheric  air.  Hence 
the  qu'-intity  of  the  oxygen  is  indicated  by  the  quantity  of 
air  which  has  disappeared,  as  measured  by  the  ascent  of  the 
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Paet  IE  water  in  the  tube.    Volta^a  eudiometer  comiste^  of  a  mii.- 
^<"''-    turc,  in  proper  proportions^  of  atmospheric  air  and  hydrogea 
gas,  which  was  fired  by  the  electric  spark*     The  hydrogea 
by  its  inflammation  separates  all  the  oxygen^  the   prockict 
being  water;  so  that  what  remains  is  ptire  azote.   Tne  oxy- 
gen is  indicated  by  the  dimimition  in  bulk  of  the  aira  eofr- 
ployed.    BerthoUet's  eudiometer  indicated  the  proportiond 
quantity  of  oxygen  in  atmospheric  air  by  means  of  the  slow 
combustion  of  phosphorus*    This  combustible  was  confined 
with  a  given  portion  of  air  over  water*     After  the  bpae  of 
some  time,  the  whole  of  the  oxygen  present  became  ab- 
sorbed* 
AtmMphe-      n.  The  result  of  the  experiments  made  with  eiuUometers 
wftyl^Mn.    ^^^  ^^^^  ^^  show,  that  atmospheric  air,  from  whatever  situ- 
tains  the     ation  it  may  be  obtained,  always  contains  the  aame  propor- 
pm^nn*^  tions  of  oxygen  and  azote.     Air  has  been  examio^  ROia 
oxygen,      different  parts  of  the  world;  it  has  been  analyzed  as  it  exists 
on  the  tops  of  the  highest  mountains,  and  in  situatiooa  more 
than  four  thousand  feet  above  the  earth's  surface,  from 
which  height  it  has  been  brought  down  by  balloons;  it  has 
been  subjected  to  experiments  as  it  exists  in  placca  in  the 
vicinity  of  marshes,  and  where  putrid  and  noxioua  cfflttvia 
abound;  and  notwithstanding  it  has  always  been  found  to 
contain  exactly  the  same  proportions  of  oxygen  and  azole* 
Thus,  then,  have  terminated  the  eudiometrical  experiments, 
from  which  so  much  was  expected  in  elucidation  of  the  Ud- 
den  causes  of  the  unwholesomeness  of  air  in  particular  situ- 
ations, and  during  the   prevalence  of  epidemic  diseases* 
They  have  shown  most  clearly,  that  the  causes,  which  ren- 
der atmospheric  air  noxious,  are  not  such  as  produce  che- 
mical changes  upon  it,  but  probably  are  of  so  hidden  a  na- 
ture as  to  be  out  of  the  reach  of  chemistry  to  discover. 
Beaidet  at-      12.  Having  finished  the  consideration  of  atmospheric  air, 
lUrthe  aN  ^^  which  very  nearly  the  whole  bulk  of  the  atmosphere  is 
mosphere    Composed;  it  is  next  proper  to  consider  its  other  compo- 
containa      jj^^^  parts,  namely,  water  and  carbonic  acid* 
sute  of  1 3.   It  has  been  ascertained,  that  the  atmosphere  in  its 

Tapour.  drvest  state  contains  a  quantity  of  water*  Thus  concentrated 
sulphuric  acid  abstracts  moisture  from  it  under  all  circum- 
stances; and  hence  this  acid  by  exposure  to  air  becomes 
gradually  more  and  more  diluted,  or  in  other  words  loses 
its  strength.  Some  substances  imbibe  water  from  the  atmos- 
phere when  it  is  loaded  with  moisture,  and  part  with  It 
again  when  it  becomes  comparatively  dry.  Such  substances 
have  been  employed  to  measure  the  quantity  of  moisture, 
which  may  exist  in  the  atmosphere  at  different  times,  by 
taking  advantage  of  their  property  of  expanding  by  absorp- 
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of  moittoref  aad  contractiog  by  its  abttractioiu  Instni*  Chap.  I. 
Its  coostmcted  by  means  of  such  substances  are  called  i^^,^. 
ttjfgromttcrsm  Saussure's  hygrometer  b  formed  of  a  human  menu 
kiv,  so  arranged  as  to  move  an  index.  Deluc's  hygrome-  ^'[^  uie^^ 
*"  is  the  same  in  construction  as  Saussure's^  but  the  hygro-  quantity  of 
ttric  substance  employed  is  a  thin  slip  of  whalebone.  The  Jh^ltmo^ 
.liygrometer  invented  by  Wilson  consists  of  a  rat's  bladder,  phcre,  mOI- 
ta  which  is  fixed  a  tube,  part  of  which,  together  with  the  ^^J^ 
■Uackler,  is  filled  with  mercury.  The  contractions  or  di- 
latations of  the  bladder  produce  a  corresponding  rising  or 
4idUng  of  the  mercury  in  the  tube.    The  scales  of  hygrome- 
ters are  formed  by  ascertaining  two  points^  the  extremes  of 
flsoiature  and  dryness,  and  dividing  the  intervening  space 
into  one  hundred  rqual  parts,  called  degrees.     iThe  point  of 
extreme  dryness  is  obtained  by  exposing  the  hygrometer  to 
air,  made  as  dry  as  possible  by  salts  which  are  known  to 
kave  an  avidity  for  moisture;  and  the  point  of  extreme  mois- 
tore,  by  exposing  the  instrument  to  air,  in  its  most  humid 


14.  It  was  originally  supposed,  that  water  existed  in  the. Water  » 
atmosphere  in  a  state  of  dissolution,  and  many  philosophers  ^^^^^[t. 
kave  embraced  this  opinion.  This  supposition,  however,  ap-  moaphere. 
pears  to  have  been  completely  disproved  by   Dalton,  who 
considers,  that  the  water,  existing  in  the  atmosphere,  is  al- 
ways in  the  form  of  an  elastic  vapour.    The  following  very 
conclusive  reasons  have  been  adduced  by  this  chemist  in 

proof  of  this  opinion. 

[1.]  Water  loses  its  liquid  form  faster  when  exposed  to  a 
rare  air  than  to  a  dense  air;  and  it  disappears  fastest  of  all 
in  an  exhausted  receiver.  Now  this  is  just  what  ought  to 
take  place  on  the  supposition,  that  water  exists  in  the  atmos- 
phere in  a  state  of  vapour,  but  diametrically  contrary  to 
what  ought  to  occur,  if  the  atmosphere  acted  as  a  solvent 
merely. 

[2.]  When  water  disappears  in  air  by  what  is  called  spon- 
taneous evaporation,  cold  is  generated.  Now  if  the  water 
which  disappears  is  merely  dissolved,  there  is  no  reason  why 
cold  should  be  produced;  whereas,  on  the  supposition  that 
it  exists  in  the  air  in  a  state  of  vapour,  the  production  of 
cold  would  be  a  necessary  consequence  of  its  evaporation. 

[3.]  Mr.  Dalton  has  proved  that  water,  which  is  present 
in  air,  possesses  the  same  degree  of  elasticity,  as  it  does  in 
a  state  of  vapour,  in  a  vacuum,  at  the  same  temperature. 
Therefore  the  conclusion  is  unavoidable,  that  it  exists  in  the 
state  of  vapour  in  air. 

15.  Nothing  has  as  yet  been  said  respecting  the  quantity  Qn«n<j<J  of 
of  water,  in  a  state  of  vapour,  in  the  atmosphere.     This  is  the'ttmot- 
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pAET  n.   known  to  every  one  to  be  very  variable.  Saussure  calculates, 

^^^'  ^'  that  a  cubic  foot  of  air,  when  fully  saturated  with  moisture» 

phere,  van.  contains  about   eight  grains  of   water,  or  jf^xh  part  of  its 

^"'*  weight.    Dalton,  from  his  experiments,  concludes,  that  the 

medium  quantity   of  vapour,  held  by  the  atmosphere  ia 

England,  is  ^th  of  its  bulk. 

The  third        16.  The  Other  ingredient  in  the  atmosphere,  carbonic  acid, 

oomponent  \^  alwavs  present,  although  in  small  amount.      It  has  been 

part  of  the     ,  j-i  ir  •  j-»  !_•• 

atmosphere  detected  m  the  atmosphere  ot  mountams,  and  m  air,  which 
is  carbonic  had  been  brought  down  from  a  very  great  height  above  the 
hts  in  td\'  earth's  surface  by  means  of  balloons,  its  quantitx ,  estimated 
places,  and  by  bulk,  according  to  Humboldt,  varies  trom  one  to  half  a 
heights.      P^*"  ^^^^*  I^^l^OD  Calculates  its  quantity  at  T^^nrth  of  the  bulk 
The  quan-  ^^  ^be  atmosphere,  that  is,  y^th  of  one  per  cent.;  i>ut  the  me- 
tity  present  thod.  adopted  by  this  chemist  for  ascertaining  the  point  is 
staukfbV^  not  susceptible  of  much  precision.  Considering  how  greats 
chemisu.     quantity  of  this  acid  is  formed  during  the  respiration  of  ani- 
mals and  in  combustion,  it  must  be  matter  of  surprise,  that 
so  small  a  portion  of  it  exists  in  the  atmosph^^re.   It  has  been 
ascertained,  that  air,  containing  rV'b  of  its  weight  of  carbo- 
nic acid,  extinguishes  flame  and    is  noxious    to   axumab. 
There    is  reason,  however,   to   believe,  that  the  vegrtabk 
kingdom  prevents  the  occurrence  of  any  over-proportion  of 
carbonic  acid  in  the  atmosphere;  as  it  has  been  completely 
ascertained,  that  plants  decompose  this  acid  during  their  ve- 
getation. 


CHAPTER  11. 

OF  WAFKR. 

1.  Water  having  been  noticed  incidentally  only  under 
the  head  of  hydrogen,  it  becomes  necessary  to  give  it  a  par- 
ticular consideration;  and  this  will  be  done  in  the  present 
chapter. 
Properties  2.  Water,  rendered  pure  by  distillation,  is  a  transparent 
ter!"*^  ^^  liquid,  destitute  of  colour,  taste,  or  smell.  In  its  purest  state 
in  nature,  it  contains  atmospheric  air,  carbonic  acid,  and 
carbonate  of  lime.  It  loses  its  gaseous  constituents  by  boil- 
ing, and  becomt-s  flat  and  insipid.  By  the  common  consent 
of  chemists,  it  is  made  the  standard  of  comparison  of  the 
specific  weight  of  all  solid  and  liquid  bodies.  A  cubic  foot 
of  water,  at  the  temperature  of  4<>*',  at  which  point  its  den- 
sity is  greatest,  weighs  very  nearly  one  thousand  ounces, 
avoirdupois. 

3.  When  cooled  down  to  the  temperature  of  32*>,  water 
takes  the  crystallized  form,  and  is  called  ice.  When  expo- 
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ed  to  a  heat  of  21 2^,  it  becomes  an  elastic  fluid  under  the  Chap.  it. 
lame  of  steam.  Steam,  at  the  temperature  of  212^  and  un-  lufreez- 
ler  a  medium  pressure^  is  1698  times  lighter  than  an  equdt'ngHnt, 
>iilk  of   wattT.    Its  specific    gravity  is   0*623,   c^™?**'*^^  fifg  point, 
irith  atmospheric  air  as  1.   At  high  temperatures,  its  clasti- i2U^. 
city  is  exceedingly  great.   It  is  by  its  elasticity  that  steam 
icts^  in  causing  the  imotion  of  that  most  useiul  machine  the 
fteam  engine. 

-  4*  Water,  as  it  exists  in  nature,  is  distinguished  by  seve-  Water  is 
ral  names,  according  to  its  quality  and  the  sources  from  <^'*^»"»?^»**- 
which  it  is  obtained.  Rain  water  constitutes  a  very  pure  ^eral  kindi. 
water;  it  contains,  however,  common  air  and  carbonic  acid 
gas,  and  some  carbonate  of  lime.  Snow  water  is  very  pure, 
and  destitute  of  any  air.  The  water  of  rivers  is  very  variable 
hi  its  purity,  and  as  to  the  for«^ign  bodies  which  it  may  con- 
tain; and  this  arises  from  the  particular  nature  of  its  bed.  In 
general,  this  water  contains  the  usual  gaseous  constituents, 
together  with  a  small  quantity  of  carbonate  of  lime  and  chlo- 
ride of  sodium  ^(common  salt).  Well  water  is  generally  a 
very  impure  kind  of  water.  It  is  usually  obtained  from  a 
Tery  considerable  depth  in  the  earth,  where  water  is  almost 
always  impregnated,  by  gradual  filtration  from  the  surface, 
with  a  number  of  salts.  Well  water  is  most  frequently  of 
diat  kind  which  is  called  hardwater^  so  called  from  its  cur- 
dling soap.  Such  water  is  unfit  for  washing  clothes  and 
other  domestic  purposes,  and  owes  its  property  of  decom- 
posing soap  to  the  presence  generally  of  sulphate  of  lime 
(gypsum).  The  acid  of  this  salt,  when  it  meets  with  soap, 
combines  with  the  alkaline  base  of  the  latter,  while  the  lime 
forms  an  insoluble  compound  with  its  fixed  oil. 

5.  By  far  the  largest  portion  of  the  water  of  the  globe  Sea  yater 
contains,  dissolved  in  it,  a  number  of  substances  in  pretty  v^!^^*bt^' 
large  amount,  constituting  what  is  called  sea  ^i^ter.    A  stances. 
great  number  of  experiments  have  been  made  to  ascertain 
the   exact  constituents  of  sea  water.  The  amount  of  the 
substances  dissolved  in  it  has  not  been  found  to  differ  much 
in  different  latitudes;  it  varies  from  three  to  four  per  cent. 
10,000  parts  of  sea  water,  obtained  from  the  Frith  of  Forth, 
of  the  specific  gravity  of  1'029,  was  found  by  Dr.  Murray  AnaiTsis  of. 
to  contain  of  S^IJr'''^^' 

Chloride  of  sodium  (common  salt)  220*01      MarrRy> 

magnesium  (muriate  of  magnesia)     42*08 
calcium  (muriate  of  lime)  7*84 

Sulphate  of  soda  (Glauber's  salt)  33*16 

303*09 
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PimT  IL       This  proportional  quantity  of  constitaents  for  sea  watd 
^^°*  *•    amounts  to  about  3  per  cmt.  The  chloride  of  sodium  (con- 
mon  salt)  amounts  to  2^  per  cent. 

In  anal)ses  of  sea  water  as  usually  made,  the  sulphates  of 
lime  and  of  magnesia  are  given.  These  salts  are  not  aoioQg 
the  constituents  of  sea  water  in  the  above  analysts;  and  Dr. 
Murray  has  shown,  that  the}*  do  not  exist  in  sea  water,  but 
are  formed  by  double  decompositions,  which  occur  daring 
the  usual  processes  of  analysis  by  evaporation  and  ctystal- 
lization. 
EStteUof       6.  Some  of  the  chemical  relations  of  water  have  been 
JJJJPJJ^*   given,  in  the  account  of  almost  every  substance  treated  of 
■ttbtuncet  in  this  work.  Notwithstanding,  it  may  be  proper  to  reca- 
•Q  water,    pjtulate  somc  of  them  in  the  present  chapter.  Water  is  not 
decomposed  by  any  of  the  imdecompounded  supporters,  or 
by  phosphorus  or  sulphur;  but  charcoal,  at  a  red  heat,  ef- 
fects its  decomposition,  carbonic  acid  and  bihydrogortf  of 
carbon  being  formed.   It  is  decomposed  rapidly  by  potassi- 
um  and  sodium,  hydrogen  being  extricated,  which  inflaoMS 
by  the  heat  generated,  and  the  combustibles  themselves  coo- 
verted  into  potash  and  soda  respectively.  It  is  decomposed 
also,  by  iron,  zinc,  antimony,  and  tin,  when  assisted  by 
heat;  but  is  not  acted  upon  by  copper,  silver,  gold  or  pla^ 
tinum.  It  combines  with  the  alkalme  salifiable  bases  both  in 
the  solid  and  liquid  form;  but  with  the  earthy  bases,  in 
the  form  of  a  hydrate  only.  It  forms  hydrates  also  with  a 
number  of  salifiable  bases  of  the  third  class,  commonly  call- 
ed metallic  oxides. 
It  it  capa-       7.  Water  is  capable  of  combining  with  oxygen.  This  ex- 
oxicnzrS'°o  ''■ao^'dinary  discovcr>'  was  made,  towards  the  close  of  the 
rarioui  de-  last  year,  by  Tht* nard,  while  pursuing  his  researches  on  the 
S^^*'        oxidizement  of  different  substances,   to  which  he  was  led 
by  his  previous  discovery  of  the  oxidized  acids. 

[l.]  The  first  process,  which  Thenard  pursued  to  oxidize 
water,  was  to  pour,  by  degrees,  barytes  water  upon  oxy- 
sulphuric  acid:  sulphate  of  barv'tes  was  immediately  form- 
ed, and  the  excess  of  oxygen  of  the  acid  became  transferred 
to  the  water.  By  this  method,  water  was  obtained,  contain- 
ing six  times  its  volume  of  oxygen.  This  chemist  after* 
wards  obtained  v^ater,  containing  forty -one  times  its  vo- 
lume, in  the  follov\ing  manner:  he  placed  1200  parts  of 
water,  containing  thne  and  a  half  times  its  volume  of 
oxygen,  under  the  receiver  of  an  air  pump,  with  a  cap- 
sule containing  sulphuric  acid  placed  above  it.  Upon  ex- 
hausting the  receiver,  the  oxidized  water  became  congealed, 
and,  after  the  lapse  of  somc  days,  was  reduced  to  30  parts, 
which  proved  to  cgntain  all  the  oxygen,  which  existed  ori- 
ginally in  the  1200  parts. 
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[2.]  Water,  containing  forty-one  volumes  of  oxygen,  was  Chaf.  n. 
found  to  possess  the  following  properties.  It  is  an  insipidi  . 

inodorous,  colourless  liquid,  not  decomposable  by  freezing, 
or  in  the  vacuum  of  an  air  pump.  It  disengages  its  oxygen 
upon  boiling.  Its  oxygen  becomes  disengaged  also  by  the 
Addition  of  metallic  oxides,  which  are  themselves  reduced. 
Many  metals  produce  the  same  effect.  With  respect  to 
these  decompositions,  Thenard  remarks,  that  they  cannot 
be  referred  to  the  operation  of  ordinary  affinities,  but  are 
most  probably  due  to  electricity. 

[3.]  By  employing  a  solution  of  peroxide  of  barium,  and  { 

precipitating  the  barium  by  means  of  hydrochloric  acid, 
Thenard  subsequently  succeeded  in  obtaining  water,  hold- 
ing in  combination  as  much  as  120  times  its  volume  of  oxy'- 
gen.  Water,  oxidized  to  this  extent,  by  being  concentrated 
under  the  receiver  of  an  air  pump  along  with  sulphuric 
acid,  was  ultimately  brought  to  contain  400  times  its  volume 
of  oxygen. 

[4.]  Water,  oxidized  to  this  extent,  when  placed  upon  Propartiet 
die  skin,  attacks  the  cuticle  and  turns  it  white,  and,  in  a  ^[f^*^?^' 
Bttle  time,  causes  violent  pricking  sensations.  Its  taste  is 
a  mixture  of  astringency  and  bitterness,  producing  a  nau- 
seous impression  in  the  mouth.  When  a  few  dropa  of  it 
are  put  into  a  tube,  and  a  little  oxide  of  silver  added,  a  vio- 
lent effervescence  of  oxygen  takes  place,  and  the  tube  be- 
comes so  hot,  as  not  to  admit  of  being  held  in  the  hand. 
After  the  action  is  over,  the  contents  of  the  tube  are  pure 
water  and  metallic  silver.  If  the  same  experiment  be  re- 
peated with  a  somewhat  larger  quantity  of  the  oxidized 
water,  and  with  oxide  of  silver  newly  precipitated  and  yet 
moist,  the  extrication  of  oxygen  is  so  sudden  as  to  produce 
a  sort  of  explosion. 

[5.]  Thenard  has  remarked,  that  one  set  of  substances 
aeem  to  increase  the  affinity  of  the  oxygen  for  the  water, 
while  another  set  always  tend  to  separate  it.  Belonging  to 
the  former  are  the  acids;  to  the  latter,  the  metals,  their  ox- 
ides, and  sulphur  and  charcoal.  These  facts  go  to  confirm 
the  opinion,  which  this  chemist  holds,  that  the  decomposi- 
tibns  of  oxidized  water  are  due  to  the  influence  of  electri- 
city.* 

8.  Water  is  composed,  atomically,  of  Compoti- 

Oxygen  8— one  atom.  *«»  of  ^«- 

Hydrogen  1— one  atom. 


*  Annalef  de  Chimie  et  de  Phjaiqoe,  tome  ix.  (1818)  p.  314  et  44li^tome  x. 
(1819)1*.  114. 
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Pabt  IL  ^*  Water  is  the  only  oxide  of  hydrogen  known,  and  is  t 
Book  I. '  product  in  all  cases  of  combustion.  As  a  chemical  body«  it 
Water  the  Stands  alone,  having  no  tolerably  exact  analogy  to  any  other 
onW  wide  substance.  Considered  as  an  oxide,  it  cannot  be  associated 
^^^known.  ^^'^^  *">'  ^'  ^^^  oxides  of  combustibles*  Leaving  out  of  the 
R  flections  q«*^stion  its  want  of  sensible  properties,  it  has  very  few  ana- 
on  iu  na-  logics,  in  its  chemical  relations,  to  these  bodies,  although 
^^^'  similarly  constituted  with  thtrm.  As  an  agent  in  chemistry, 

it  is  one  of  the  most  powerful  employed;  and  although,  by 
superficial  observers,  its  want  of  sensible  properties  may 
',  be  taken  as  an  indication  of  inertness,  yet  this  is  by  no 

means  a  fair  conclusion.  Sensible  properties,  as  taste,  smell, 
&c.  form  no  part  of  chemistry.  They  may  be  enumerated 
to  identify  particular  substances;  but   they  have  no  con- 
nexion with  chemical  action.  Water  is  as  corrosive  as  pure 
potash  or  as  nitric  acid,  if  the  human  body  be  not  taken  as 
the  standard  of  comparison.  The  chemical  inertness  of  wa- 
ter, with  regard  to  the  human  body  and  to  living  animals 
generally,  was  established  by  the  great  Author  of  nature  for 
the  wisest  of  purposes.  Such  a  liquid  as  water  was  neces- 
sary for  the  use  and  preservation  of  living  animals*  To  an- 
swer the  ends   for  which  it  was  intended,  i(  must  not  act 
upon  the  matter  of  which  living  bodies  are  formed,  and  it 
must  be  free  from  taste,  smell  or  colour;  but  none  of  these 
qualities  impressed  upon  it,  make  it  less  active  in  its  general 
relations  as  a  chemical  agent. 
Composi-         10.  The  composition  of  water  was  discovered  in  consc- 
tionofwft-  quence  of  the  researches  made  by  chemists  into  the  pheno- 
Tcwl^iir     roena,  attendant  upon  the  combustion  of  hydrogen  gas.  At 
eonse-         the  time  these  researches  were  made,  water  was  considered 
Sic "rescar- ^°  be  an  elementary  substance,  and  no  experiments  had  been 
chesroade  instituted  under  the  influence  of  a  contrary  belief.  Schcele 
Jjl *'*J^*"J  was  the  first  chemist,  who  made  experiments  with  a  viewto 
of  the  com- discover  the  product  of  the  combustion  of  hydrogen.  This 
bastion  of   chemist  concluded,  that  the  gas,  during  this  process,  com- 
ly  rogen.    j^jj^^j  ^j^|^  oxygen  and  formed  caloric,  supposing  that  hy- 
drogen was  identical  with  phlogiston.  In  1776  Macquersct 
fire  to  a  quantity  of  hydrogen  in  a  bottle,  and  held  a  saucer 
over  the  flame,  in  order  to  ascertain  the  product.  The  saucer 
was  moistened  with  a  liquid,  which  proved  lobe  pure  water. 
It  would  seem,  however,  that  no  particular  conclusion  was 
drawn  from  this  experiment.  The  succeeding  year  Bucquet 
and  Lavoisier  exploded  oxygen  and  hydrogen  gases  with  a 
view  to  discover  the  product.   Bucquet  supposed  it  would 
be  carbonic  acid,  while  Lavoisier  was  inclined  to  believe 
that  it  would  be  sulphuric  or  sulphurous  acid.  They  did  not 
discover  what  the  product  was,  but  ascertained  that  Bug- 


WATER.  ^y£| 

quet's  suspicion  was  ill  founded.    In  the  beginning  of  the  Chap.U. 
year  1781,  Dr.  Priestley  fired  a  mixture  of  oxygen  and  hy-  ' 

drogtn  gases  in  a  glass  vessel.  The  inside  of  the  vessel  be- 
came moist,  and  covered  with  a  sooty  appearance*  Dr. 
Prit'stlcy,  however,  did  not  come  to  the  proper  conclusion 
from  his  experiment.  He  afterwards  ascertained,  that  the 
sooty  matter  Which  appeared  was  derived  from  the  mercury 
which  had  been  used  in  the  filling  of  the  vessel. 

11.  In  the  summer  of  1781,  Cavendish  fired  a  large  quan- 
tity of  hydrogen  gas,  mixed  with  atmospheric  air,  and  ob- 
tained a  portion  of  pure  water.    He  exploded  the  same  gas 
mixed  with  oxygen  gas,  and  the  product  was  the  same.  From 
these  experiments.  Cavendish  concluded,  that  the  product  of 
the  combustion  of  hvdrogen  is  water;  and,  as  hydrogen  com- 
bines with  oxygen  during  combustion,  that  water  must  be  a 
compound  of  oxygen  and  hydrogen.    Thus  Cavendish,  by  CaTendith, 
succeeding  in  ascertaining  the  product  of  the  combustion  of  *'»«  "****!*• 
hydrogen,  made  the  memorable  discovery  at  once  of  thetheeom- 
compound  nature,  and  of  th^  component  parts  of  water,  pound  na- 
Two  years  afterwards,  the  discovery  was  amply  confirmed  *"**     ^*^ 
by  Lavoisier  and  La  Place,  who  repeated  the  experiments 
of  Cavendish  upon  a  very  large  scale;  and  since  that  time, 
the  chemical  nature  of  water  has  been  indicated  by  so  many 
experiments,  conducted  as  well  by  the  analytic  method  as 
synthetically,  as  to  put  the  truth  of  the  discovery  beyond 
the  reach  of  controversy. 


ter. 
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BOOK  11. 

VEGETABLE  CHEMISTRY. 

PabtTI.  Vegetable  Chemistry  will  be  considered  in  two  ch^ 
^^*^''  ters.  The  first  chapter  will  describe  the  peculiar  compound 
Vegeubte  substances  of  which  vegetables  are  formed^  under  the  name 
toMtnf?  °^  ^^^  proximate  constituents  of  vegetables.  The  second 
onder  the  chapter  Will  give  a  view  of  all  the  undecompounded  sub- 
two  heads  stances  yet  discovered  in  plants;  and  these  will  be  called  the 
mateccm-  ultimate  constituents  of  vegetables. 

■titaenti, 

•nd  ultl-  aas^^sa 

mute  eon- 

Ititaeoti. 

CHAPTER  I. 

OF  THB  PROXIMATE  CONSTrfUENTS  OP  YBGETABUSS. 

Prozimate  The  proximate  constituents  of  vegetables  will  be  divided 
***t8  rf'v  *°^^  ^^^  diflFcrent  sets  or  groups,  in  conformity  with  the  ar- 
seuhiei,  rangement  of  Dr.  Thomson,  which  is  adopted  in  the  present 
divided  into  chapter  with  but  slight  modifications.  These  seta  are  chamc- 
^*  **        terized  as  follows: 

First  set.— --Substances  soluble  in  cold  water.  These  are 

1  Aeids.  6.  Muous.  10.  Bitter  PriDciplet. 
8.  Tannin.                 7.  Jellj.                         11.  Nicotin. 

3.  Sai^r.  8.  Ulmin.  12.  Rxtraetire. 

4.  SarcocoU.  9.  Colouring  Prin-       13.  Emetin. 

5.  Gum.  ciples. 

Second  set.— Substances  insoluble  in  cold  water,  but  par- 
tially soluble  in  hot.  These  are 

1.  Morphia.  5.  Inalin.  8.  Olaten. 

2  Strychnin.  6.  SUrch.  9   Pnllenin. 
3.  Aspamgin.           7.  Indigo.                       10.  Fibrin. 

4  Cerasin. 

Third  set.— SubstancesVhich  melt  when  heated,  if  not 
already  liquid,  and  bum  like  oils.  These  are 

1.  Oils.  4    Bird-lime.  7.  Baliamt. 

8.  Wax.  5.  Ketint.  8.  Gum-reuna. 

3.  Camphor.  6.  Guaiacom.  9.  (Janutchoue. 

Fourth  set. — Substances  which  are  insoluble  in  water, 
alcohol,  or  ether,  and  which  have  a  fibrous  or  woody  texture. 
These  are 

1.  Cotton.  3.  Medullin.  5.  Fungin. 

2.  Sober  4.  Lignin. 

Fifth  set. — Substances  which  belong  rather  to  the  mine- 
ral than  the  vegetable  kingdom,  and  are  found  as  ingredients 
of  plants.  These  are  either 

1.  Chloridei.  2.  Acidi.  3.  SalifableBMes. 
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FIRST  SET. 

SUBST.ijn:ES  SOLUBLE  IJST  COLD  WATER. 

SECTION  I. 

OF  VEGETABLE  ACIDS. 

!•  The  following  acids  have  been  found  in  plants.  Aeidi 

1.  Aeetieseid.  6.  Bol.  tio  aoid.  10.  Hydrooyanio  aekL  foand  in 

3.  Oxalieaeid.  7.  Malioaokt.  11.  Hydriodie  aeid.  pl^nU  eno* 

3.  Tartaric  acid.  8.  Sorbieaciil.  18.  Kinic  acid.  .  merated. 

i.  Citric  acid.  9.  Benzoie  aeid.  19.  GaUle  aeid. 
5.  Moroxjiie  acid. 

2.  The  acetic  acid  has  been  found  in  the  sambucus  nigra 
(common  elder),  and  several  other  plants.  The  oxalic  acid, 
combined  with  potash,  is  found  in  the  ozalis  acetosella  or 
wood-sorrel,  and  several  other  plants;  combined  with  lime, 
it  exists  in  the  root  of  rhubarb,  and  in  a  variety  of  vegeta^ 
ble  roots  and  barks.  Tartaric  acid  has  been  found  in  a 
number  of  vegetable  substances,  but  most  abundantly  in  the 
juice  of  grapes.  Citric  acid  exists  most  abundantly  in  the 
juice  of  oranges  and  lemons:  it  is  also  found  in  the  juice  of 
the  cranberry  and  red  whortleberry*  Moroxylic  acid  has 
hitherto  been  found  only  in  the  bark  of  the  morus  alba,  or 
white  mulberr)^  The  boletus  pseudo-igniarius  is  the  only 
plant  in  which  the  boletic  acid  has  hitherto  been  found. 

3.  Malic  acid  has  been  found  very  abundantly  in  apples.  Flaou 

It  has  also  been  detected  in  the  fruit  of  the  barberry  and  of  ^^^  ^^' 
the  elder,  and  in  the  plum  and  the  sloe.  It  has  been  found,  acid, 
associated  with  citric  acid  in  nearly  equal  quantity,  in  the 
gooseberry,  in  currants,  in  the  cherry,  the  strawberry  and 
the  raspberry.  It  has  been  detected  in  a  number  of  other 
plants  combined  either  with  lime  or  potash. 

4.  Sorbic  acid  was  discovered  in  the  juice  of  the  pyrus 
aucuparia  or  moimtain  ash,  together  with  the  malic  acid. 
It  is  found,  associated  with  the  same  acid,  in  apples,  plums, 
barberries  and  sloes. 

5.  Benzoic  acid  has  been  found  in  a  few  vegetable  sub- 
stances only,  such  as  benzoin,  balsam  of  Tolu,  storax,  &c« 

6.  From  the  time  that  the  hydrocyanic  (prussic)  acid  was  Hydrocya* 
obtained  in  a  separate  state,  its  similarity  in  smell  to  bitter  ^^^ 
almonds  and  peach  blossoms  did  not  fail  to  be  observed.  It  bitter  al- 
bas been  ascertained,  that  the  water  distilled  from  these  JJ^^*  *"** 
almonds  contains  hydrocyanic  acid,  and  is  capable,  when  other  vege- 
mixed  with  potash,  of  precipitating  Prussian  blue  from  so-  ***>*«  »"^ 
lutions  of  iron.  The  distilled  water  of  the  leaves  of  the  prunus 
lauro-gerasus  (cherry  tree  laurel)  contains  this  acid,  and 
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Part  IL  owes  its  narcotic  and  deleterious  properties  to  its  presence. 
BwoK  if.  j^  ^.^g  ^^Q  I^^^Q  found  in  the  flowers  of  the  sloe,  and  in  the 
leaves  of  the  bay-lf  aved  willow.  There  can  be  very  litde 
doubt  that  it  exists  in  all  the  bitter  kernels. 
Hydriodie  7«  After  hydrocyanic  acid  is  the  best  place  to  mention 
in'fncL**'*  hydriodic  acid,  in  the  enumeration  of  the  acids  of  vege- 
table origin*  Iodine  having  been  discovered  in  kelp,  the 
product  of  the  incineration  of  marine  vegetables,  chemists 
were  led  to  examine  the  marine  vegetables  themselves*  Ac- 
cordingly some  of  the  fuci  were  subjected  to  analysis,  dur- 
ing the  years  1814  and  1815,  by  H*  Davy,  Gatdtier  de 
Claubry,  and  John.  Davy  discovered  traces  of  iodine  in 
them;  but  Gaultier  de  Claubr>  has  subjected  several  of 
them  to  an  elaborate  analysis,  by  which  it  appears,  that  io- 
dine exists  in  them  in  the  state  of  hydriodic  acid,  combined 
with  potash. 

8.  Kinic  acid  has  heretofore  been  found  in  the  cinchoDa 
officinalis  or  peruvian  bark  only,  combined  with  lime* 

9*  Gallic  acid  exists  in  a  great  number  of  plants,  chiefly 
in  their  barks*  As  far  as  observation  has  yet  extended,  it 
occurs  most  abundantly  in  different  species  of  oak  and  in 
sumach* 


SECTION   IL 

OK  TANNIN. 

Tannin  ex-  I.Tannik  is  a  peculiar  vegetable  substance,  which  exists 
iBUinnat-  ^^^.y  abundantly  in  nut-galls.  The  soluble  portion  of  these 
vegetable  productions,  wliich  amounts  to  somewhat  less  than 
two-fifths  of  their  weight,  is  found  to  consist  of  two-thirds 
tannin,  and  the  remaining  third,  of  gallic  acid,  mucilage, 
extractive  and  lime.  Many  methods  have  been  proposed  to 
obtain  the  tannin  perfectly  pure  from  the  solution,  but  none 
of  them  appear  to  answer  the  purpose  completely.  It  may 
be  obtained  tolerably  pure  by  mixing  lime  water  with  the 
solution,  and  treating  the  precipitate  thus  formed  with  di- 
luted nitric  acid.  Upon  filtration  a  substance  is  left  behind, 
which  is  tannin,  contaminated  however  with  a  portion  of 
extractive. 
Account  of  2.  Dr.  Lewis,  while  pursuing  some  experiments  instituted 
iudiscoTc-  iQ  ascertain  the  best  method  of  making  ink,  observed  some 
of  the  properties  of  tannin,  without  being  able  to  obtain  it 
in  a  separate  state.  Deyeux  was,  perhaps,  the  first  chemist, 
who  made  out  the  peculiar  nature  of  tannin.  Seguin  ascer- 
tained, that  it  was  the  substance  which  combined  with 
leather  in  the  process  of  tanning.  Hence  it  was  called  tan- 
nin or  the  tanning  principle  by  the  French  chemists* 
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3n  Tannin,  in  the  purest  state  in  which  it  can  be  obtained,  Chap,  f. 
is  a  briitle  subsunce,  possessing  a  brown  colour,  and  break-  Properdetr 
ing  with  a  resinous  Iracture.  Its  taste  is  bitter  and  very 
astringent.  It  dissolves  rtadily  in  both  hot  and  cold  water, 
and  forms  a  solution,  which  does  not  undergo  spontaneous 
decomposition.  It  is  insoluble  in  pure  alcohol;  but  alcohol, 
containing  -^V^^  ^^  ^^^  weight  of  water,  is  capable  of  effect- 
ing its  solution.  Nitric  acid  communicates  oxygen  to  it,  and 
converts  it  into  a  yellowish-brown  matter,  similar  in  pro- 
perties to  extractive.  With  the  metals,  it  does  not  appear  to 
combine;  but  with  most  of  their  oxides,  it  forms  insoluble 
compounds.  This  latter  property  makes  the  infusioo  of  out- 
g^lls  very  useful  in  precipitating  metallic  solutions. 

4.  One  of  the  most  important  properties  of  tannin  is  thatFormira 
of  forming  an   insoluble    compound  with   gelatin    (<?1"0*  IIJIS!»ound 
Hence  these  two  substances  are  reciprocally  the  tests  of  each  with  gdik- 
other.   It  combines  with  all  the  alkaline,  and  nearly  all  the^^- 
earthy  bases,  and  is  thereby  deprived  of  its  property  of  pre- 
cipitating gelatin.  It  combines  also  with  most  of  the  acids, 
forming  with  them  compounds  more  or  less  soluble.  Nitric 

and  sulphuric  acids,  however,  decompose  it  by  their  action* 

5.  According  to  Berzelius,  tannin  is  composed  of 

Hydrogen  4-186 

Carbon  51-160 

Oxygen  44*654 

100*000 

6.  A  substance,  very  similar  to  the  tannin  found  ready  Artificial 
formed  in  certain  vegetables,  may  be  obtained  by  the  action  Jjjjj*^^ 
of  diluted  nitric  acid  on  charcoal.    It  is   called  artificial  the  aetioii 
tannin.  Science  is  indebted  for  this  discovery  to  Hatchett.  of.^« 

It  is  formed  by  mixing  >  together  100  grains  of  charcoal,  charcoal.  ^ 
and  500  grains  of  nitric  acid  of  the  specific  gravity  of  1*40, 
diluted  with  twice  its  weight  of  water.  The  mixture  is  then 
exposed  to  heat,  which  produces  an  effervescence,  occa- 
sioned by  the  escape  of  deutoxide  of  azote  (nitrous  gas). 
After  two  days  digestion,  more  nitric  acid  is  added,  and 
the  heat  continued,  until  the  solution  is  complete.  The  so- 
lution is  then  evaporated  to  dryness,  whereby  a  brown- 
coloured  mass  is  obtained,  which  is  artificial  tannin. 

7*  Artificial  tannin  agrees  very  nearly  in  properties  with  Properties 
natural  tannin.  It  differs,  however,  from  the  latter,  in  being  jf^^**** 
soluble  without  alteration  in  nitric  acid.  In  composition,  it 
differs  also  by  containing  azote  in  addition  to  the  ingredi- 
ents of  natural  tannin. 

8.  Hatchett  has  found,  that  every  species  of  charcoal  is 
susceptible  of  conversion  into  artificial  tannin  by  the  action 
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Pabt  n.  of  nitric  acid.  He  has  asccrtuned,  that  it  may  be  formed 
Poo'^  "•  alan  by  digesting  nitric  acid  upon  several  substances,  which 
contain  a  large  proportion  of  carbon;  as  for  instance,  indigo 
and  several  of  the  resins.  When  formed  from  these  sub* 
stances,  however,  the  tannin  is  somewhat  different  from  that 
formed  from  charcoal.   The  same  chemist  has  found,  that 
sulphuric  acid,  digested  upon  the  resins  or  camphor,  con- 
verts these  bodies  into  a  substance  analogous  to  tannin. 
TanniD  ex-     9*  Tannin  exists  ready  formed  in  many  vegetable  sob- 
^1^;^*!^    stances  besides  nut-galls,  but  appears  to  have  some  variety 
manj         in  ita  properties,  according  to  the  vegetable  from  wUch  it 
pianu.        18  obtained.    It  is  considered,  that  the  oak  furnishes  the 
same  variety  of  tannin,  which  is  obtained  from  nut-galls. 
More  than  half  the  weight  of  catechu,  or  the  Japan  earth  as 
it  is  improperly  called,  is  composed  of  a  variety  of  tannim 
Another  variety  of  this  substance  constitutes  a  very  large 
proportion  of  the  kino  of  the  shops.  In  fact,  tannin  may  be 
considered  the  peculiar  principle,  which  gives  astringenc>  to 
vegetable  substances.   It  is  to  the  property  of  tannin  of 
forming  an  insoluble  compound  with  gelatin,  that  its  use- 
fulness in  the  art  of  tanning  is  to  be  attributed;  since  die 
hide  is  converted  into  leather  by  its  gelatin  uniting  to  the 
tanning  principle. 


SECTION  III. 


OP  SUGAR. 


f 


Sugar  is  !•  SuGAR  IS  a  peculiar  vegetable  substance,  chiefly  ob- 

tei*^«ff***'  '*'*^^^  from  the  sugar  cane,  by  inspissating  its  expressed 
|he  sugar  juice  by  boiling.  By  this  first  preparation,  it  forms  a  brown 
^°^*  granular  substance,  constituting  an  impure  sugar.    It  is  pu- 

rified by  being  dissolved  in  water,  mixture  with  lime,  and 
treatment  with  bullock's  blood.  It  is  then  boiled  to  a 
proper  consistence,  and  cleared  of  its  impurities,  as  they 
rise  to  the  top,  by  scumming.  It  is  afterwards  poured  into 
unglazed  conical  earthen  pots,  whose  apices  are  perforated 
to  allow  impurities  to  separate.  The  base  of  the  cone  is 
covered  with  moist  clay,  which  allows  a  small  portion  of 
water  gradually  to  filter  through  the  sugar,  with  the  effect 
of  removing  some  further  impurities.  It  is  now  in  the  state 
of  loaf  sugar. 
Its  proper-  2.  Sugar,  in  the  pure  state,  is  a  white,  brittle  substance  of 
^^'  some  hardness,  having  a  very  strong  sweet  taste,  but  no 

smell.  It  is  not  altered  by  exposure  to  air.  Water,  at  the 
temperature  of  48^,  dissolves  its  own  weight  of  it,  and 
boiling  water,  any  quantity.  In  the  form  of  a  saturated  so- 
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lution,  it  18  called  svrup.  It  is  also  soluble  in  alcohol,  but  Cha>.  1. 
less  so  than  in  water.  lis  specific  gravity  is  between  1*4  ^- 

and  1*6. 

3«  Sugar  appears  to  be  capable  of  combining  with  both 
acids  and  salifiable  bases.  Snip  mric  and  hydrochloric  acids 
convert  the  greater  part  of  it  into  charcoal*  Nitric  acid 
changes  it  into  oxalic  and  m.ilic  acids. 

4.  When  exposed  to  heat,  sugar  melts,  becomes  blackish- 
brown,  emits  air- bubbles  and  exhales  a  peculiar  smell.  At 
a  red  heat,  it  bursts  mto  fl.imcs,  whicti  are  white  with  blue 
edges. 

5.  By  being  burnt  with  chlorate  of  potash,  sugar  was  Compoiu 
found  by  Gay-Luss.ic  and  Thenard  to  be  composed  of         ^^"^ 

Oxygen  50'63 

Carbcm  42*47 

Hydrogen  6*90 

100  00 

6.  Besides  the  common  sugar  which  is  obtained   fromSmriior 
the  sugar-cane,  and  the  sugar  extracted  from  the  sap  of  u*^'^!^^ 
the  sugar- maple  and  from  the  beet,  which  does  not  appear 

to  differ  from  common  sugar,  there  are  several  other  spe-  • 
cies  of  sugar,  each  having  distinctive  properties. 

r.  There  is  a  sugar,  which  differs  from  common  sugar  in  Liqaki  ta- 
being  always  in  the  liquid  form.    It  exists   in  the  sugar  {j^J^"*|2 
cane,  and  forms  a  considerable  part  of  molasses.  It  exists  ▼ef^eubie 
also  in  a  number  of  fruits,  such  as  grapes,  peaches,  apples,  "**^*^<^- 
&c.  and  has  been  extracted  from  the  stalks  of  Indian  com* 
Besides  this  sugar,  the  sugar  of  figs,  of  grapes,  and  that 
iH^hich  exudes  from  the  fraxinus  omus,  a  species  of  ash, 
are  all  peculiar  sugars*   The  latter,  under  the  name  of 
manna,  constitutes  a  valuable  laxative;  and  differs  from 
common  sugar,  in  being  much  inore  abundandy  soluble  in 
alcohol,  in  yielding  saclactic  as  well  as  oxalic  acid  by  the 
action  of  nitric  acid,  and  in  not  being  fermentable* 

8*  Starch  may  be  converted  into  sugar,  possessing  the  Stareh  may 
same  properties  as  the  sugar  of  grapes,  by  mixture  with  ^  ^'J^ 
four  times  its  weight  of  water,  and -rlrrth  part  of  its  weight  gar. 
of  sulphuric  acid,  and  exposure  to  a  boiling  heat  for  36  hours, 
supplying  water  as  fast  as  it  evaporates.  The  acid  is  then 
saturated  with  lime,  and  the  insoluble  sulphate  of  lime, 
ivhich  becomes  formed,  separated*  The  remaining  liquid, 
after  concentration  by  heat,  is  found  to  contain  a  peculiar  su- 
gar. The  manner,  in  which  the  conversion  is  effected  by  this 
treatment,  is  not  understood. 

9.  Sugar  is  undoubtedly  one  of  the  most  ntitritious  sub- 
stances known.  It  constitutes  a  very  important  part  of  the 

A  P 
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Pabt  il  food  of  most  civilized  nationsf  lu  utes  in  pharmacy   arc 

Book  IL  yarioug.  Its  antiseptic  properties  make  it  very  useful  for 

preserving  different  vegetable  substances  from  putrefactioik 


SECTION  IV. 

OF  SARCOCOLU 

Sftrcoeoii,  !•  This  subsunce  is  generally  considered  to  be  agum- 
an  exiida-  rcsin.  It  is  formed  by  spontaneous  exudation  from  a  tree, 
^^J^*"™  said  to  grow  in  Africa.  In  its  impure  state,  it  is  io  the 
form  of  oblong  globules,  from  the  size  of  a  particle  of  sand 
to  that  of  a  pea.  Its  colour  is  usually  yellow,  but  sometimes 
reddish-brown,  and  its  smell  peculiar*  About  four-fifths  of 
it  only  consist  of  pure  sarcocolL  It  is  distinguished  from 
gum  and  mucilage  by  being  precipitable  by  tannin.  It  ap- 
proaches in  its  nature  to  liquorice,  and  forms,  when  du- 
soived  in  water,  a  solution  which  tastes  very  like  a  decoction 
of  this  substance.  It  is  sometimes  employed  in  medicine. 


SECTION  V. 

OF  GUM. 

Gum  ex.         1*  GuM  is  a  peculiar  vegetable  substance,  which  exudes 
adi^  from  from  certain  species  of  trees  in  the  form  of  a  thin  transpa- 
treet!*^       ***="^  liquid,  which  gradually  hardens  by  the  action  of  the 
air.    That  which  is  usually  employed  in  the  arts  and  in 
medicine  is  an  exudation  from  the  mimosa  nilotica,  a  tree 
which  grows  in  Arabia  and  Egypt,  and  occurs  in  commerce 
under  the  name  of  gum  arable.  The  gummous  matter  which 
exudes  from  the  black  cherry  tree  is  composed  principally 
of  gum*  The  gum  Senegal  is  composed  almost  entirely  of 
this  vegetable  principle. 
Id  proper-      2.  Gum  is  usually  in  the  form  of  small  pieces,  moderately 
^^'  hard,  and  somewhat  brittle  while  cold.   It  has  generally  a 

yellowish  tinge;  but  when  pure,  it  is  perfectly  colourless, 
and  possesses  some  lustre.  It  has  no  smell,  and  hardly  any 
taste.  It  dissolves  in  large  quantities  in  water,  and  forms  a 
solution,  usually  called  mucilage,  which  is  thick  and  adhe- 
sive, and  may  be  kept  for  years  without  undergoing  putre- 
&ction. 

3.  By  exposure  to  heat,  gum  softens  and  swells,  but  does 
not  melt.  It  then  emits  air-bubbles,  blackens,  and,  when 
nearly  reduced  to  charcoal,  gives  out  a  low  blue  flame.  After 


P'  hfls  consume,  there  remains  a  small  quantttr  of  unhtif   C«ap.i.^ 
itanposed  chiefly  of  the  carbonates  of  lime  and  of  potash.  '* 

•    4.  From  the  experiments  of  Dr.  Thomson,  it  appears  Gam  Qom* 
ikkt  gam  has  some  affinity  fot*  the  peroxides  of  mercury  JJJJJJ  "^ 
liod  of  iron.  This  chemist  found,  that  gum  produced  no  ides, 
precipitate  in  solutions  of  the  alkaline  or  earthy  bases,  ex- 
ttpt  in  that  of  silica  in  potash.  In  this  latter  solution,  even 
dlough  very  dilute,  he  found  that  a  white  flaky  precipitate 
wiia  produced. 

5.  The  vegetable  acids  dissolve  gum  without  alteration,  yc|et&ble 
bilt  the  stronger  acids  effect  its  decomposition.  By  sulphuric  ^°*  '''^ 
acid,  it  is  blackened  and  converted  into  charcoal.  With  hy*  onlhaBied. 
drochloric  acid,  it  forms  a  brown-coloured  solution,  which        • 
bc^comes  transparent  when  diluted  with  water,  but  at  the 

smme  time  depositees  a  charry  matter.  Nitric  acid,  slightly 
lieated  upon  gum,  forms  a  solution,  which,  upon  cooling, 
deposites  saclactic  acid.  At  the  same  time,  some  malic 
•sid  is  formed.  If  the  heat  be  continued  for  some  time,  the 
gam  is  at  last  changed  into  oxalic  acid. 

6.  Gum  is  insoluble  in  alcohol,  ether,  or  the  oils;  but 
when  triturated  with  the  latter,  it  renders  them  miscible 
with  water.  When  alcohol  is  poured  into  mucilage,  it  com- 
bines with  its  water,  and  precipitates  the  gum  in  soft  opaque 
white  flakes. 

7.  According  to  Gay-Lussac  and  Thenard|  gum  is  com-  Compoti- 

posed  of  UoDofgam. 

Oxygen  50*84 

Carbon  42*33 

Hydrogen  6*93 

100-00 
d*  Gum  is  very  much  used  in  the  arts  and  in  medicine,  iti  ««<• 
It  is  employed  very  extensively  to  give  stiffness  and  lustre 
to  linen,  and  in  calico  printing  to  give  consistency  to  the 
colours.  It  is  nutritious,  and  may  be  used  as  a  nutriment  in 
diseases,  when  almost  every  other  substance  would  be  im- 
proper. In  the  composition  of  many  medicines,  it  is  of 
indispensable  utility. 


SECTION  VI. 

OF  MUCUS. 

1.  This  vegetable  constituent  had  been  confounded  with  Mnoutydit- 
ganiy  until  Dr.  Bostock  proved  its  peculiar  nature  expcri-  f'"*^J!j^ 
mentally*  There  are  a  number  of  varieties  of  it,  which  may  by  Dr.  Bor- 
be  obtained  from  the  roots,  leaves  and  seeds  of  different  ^^^^ 


434  VEGBTABLE  PROXIMATE  COKSnTUENTSw 

Paiit  ir.  plants.  It  may  be  obtained,  in  its  purest  form,  firom  flax- 
9^^  '^'  seed.  It  may  be  extracted  also,  with  some  differences  in 

Eroperties,  from  quince  seeds  and  from  the  root  of  the 
yacinth.  It  exists  in  considerable  quantities  in  mallows,  in 
the  leaves  of  the  althsa,  in  many  of  the  fuci,  but  in  a  still 
greater  number  of  the  lichens. 

2.  Mucus  is  distinguished  from  gum,  in  being  preci- 
pitated copiously  from  its  solution  in  water  by  acetate  of 
lead;  in  being  thrown  down  by  alcohol  in  white  flakes, 
which  do  not  render  the  liquid  opaque,  as  happens  under 
similar  circumstances  with  gum;  and  in  iremadning  unalter- 
ed upon  the  addition  of  silicated  potash. 


SECTION  VII. 

OF  JELLY. 

Jelly  mj  1.  Jelly  appears  to  be  a  peculiar  vegetable  substance.  It 
be  obuined  jjjjy  g^.  obtained  from  ripe  blackberries,  currants,  oranges, 
ml  fniHs.  lemons,  gooseberries,  and  similar  fruits,  by  allowing  their 
expressed  juice  to  gelatinize,  and  afterwards  to  drain  upon 
a  fine  sieve.  In  this  way  the  acid  parts  separate  and  pass 
through  the  sieve,  while  the  jelly  in  a  tolerably  pure  state 
remains  behind.  It  is  then  washed  with  a  little  cold  water, 
to  separate  any  adhering  acid, 
lu  proper^  2.  Jelly,  upon  drying,  contracts  considerably  in  bulk,  and 
becomes  a  hard  transparent  brittle  mass,  very  analogous  in 
appearance  to  gum.  Before  drying,  it  is  nearly  colourless,  if 
deprived  of  the  colouring  matter  of  the  fruit,  from  which  it  is 
obtained.  Ir  has  a  pleasant  taste  and  a  tremulous  consistency. 
It  is  scarcely  soluble  in  cold  water,  but  dissolves  readily  ia 
hot  water,  from  which  it  gelatinizes  upon  cooling. 


ties. 


SECTION  VIII. 

OF  ULMIN. 

uimin»  in  1.  Ulmin  is  a  peculiar  substance,  discovered  in  1804  by 
from^lhe  ^^^P'*o^b,  combinfd  with  carbonate  of  potash,  in  a  s,onta- 
elm.  neous  exudation  from  the  elm.   It  has  since  been  found,  that 

it  forms  a  constituent  in  the  bark  of  almost  all  trees.  It  has 
a  dark  brown  colour,  and  is  destitute  of  taste  or  smell.  It  is 
but  sp'tringly  soluble  in  water  or  alcohol,  but  readily  so  in  a 
weak  solution  of  carbonate  of  potash.  It  is  obtained  from 
the  barks,  which  furnish  it,  by  digestion  in  a  hot  solution  of 
this  salt,  after  having  been  digested  first  in  alcohol  and  then 
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3i  water*    Its  aqueous  solution  is  precipitated  in  brown   Chap.  I.' 
locks  by  pcraitratcr  of  mercury  and  acetate  of  lead;  and  the  ' 

ricoholic  solution,  by  the  stilpbates  of  iron  and  of  copper  of 
lllc  aamc  colour. 


SFXTION  IX. 

OF  COLOURING  PRINCIPLES. 

Two  substances  will  be  noticed  under  this  head;  namely, 
polychroitr  and  htmatin. 

I.  Poi.TCHROiTK  is   the  name  given  by  Bouillon  La-Cokmring 
grange,  and  Vogel  to  the  colouring  matter  of  the  crocus  sati-  ^""j^ 
Tus  or  saffron,  on  account  of  the  variety  of  colours  i^hich  it  ehftiaelthe 
18  capable  of  assuming.    It  is  obtained  by  evaporating  the^^P^B^ 
aqueous  infusion  of  the  plant  to  the  consistence  of  honty;  SSsl^bMl 
and  in  that  state,  digesting  it  in  alcohol,  filtering  the  alco- 

liolic  solution,  and  evaporating  to  dryness.  The  dry  mass  is 
pure  polychroite.  It  has  an  intensely  yellow  colour.  It  is 
TCfy  soluble  both  in  alcohol  and  water,  but  scarcely  so  in 
aulpburic  ether.  When  exposed  to  the  air,  it  absorbs  mois- 
fiure  and  is  converted  into  a  viscid  liquid. 

II.  Hematin  is  the  name  given  by  Chevreul  to  the  sub-  hemaUn, 
atance,  first  recognised  by  him  to  be  of  a  peculiar  nature,^  ^^ 
which  constitutes  the  colouring  matter  of  the  haematox)lon  pi^"tof- 
campechianum,  or  logwood,  so  well  known  as  a  dye  stuff.  ^ooA. 

It  is  obtained  in  the  following  manner:  Digest  logwood  in 
powder  for  several  hours  in  water,  at  the  temperature  of 
125^.  Filter  the  solution  thus  obtained,  and  evaporate 
to  dr}  ness.  Digest  the  dry  mass  for  a  day  in  alcohol,  filter 
the  sdcoholic  solution  formed,  concentrate  it  by  heat,  and 
then  add  a  little  water,  and  afterwards  evaporate  a  little 
further.  Crystals  will  form  in  the  liquid  of  hematin,  which, 
after  being  washed  with  alcohol  and  dried,  may  be  consi- 
dered as  pure.  They  are  small  and  brilliant,  possessing  a 
reddish-white  colour,  and  a  slightly  astringent,  bitter,  acrid 
tasle.  Boiling  water  dissolves  them  with  facility,  and  be- 
comes of  an  orange-red  colour. 


SECTION  X. 

OF  BITTER  PRINCIPLES. 


Many  vegetables  of  a  bitter  taste  yield,  by  peculiar  treat-  Bitterprinr 
inent,  a  substance,  to  which  their  bitter  qualities  are  owing,  ?P***  ^^ 
and  hence  called  their  bitter  principle.  The  bitter  principle,  ef  puntr. 
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PimT  n.  however,  differs  according  to  the  plants  from  which  it  is  ob- 
Booca.  tained.  The  following  are  its  principal  Taricties. 
QuiiMin,         L  QuAssiN.— -This  is  the  name  given  to  the  substancei 
*^^"Y^  obtained  by  evaporating  water  to  dr>'ne8s,  which  has  beea 
qwuaia.       digested  upon  the  wood  called  quassia.  It  is  a  brownish-yel- 
low substance  of  an  intensely  bitter  taste.  It  is  very  soluble 
in  water  and  alcohol.  When  heated,  it  softens,  swrUs  and 
blackens,  and  then  bums  away  without  much  flame,  leaving 
a  small  quantity  of  ashes. 

Vauquelin  has  ascertained,  that  the  fruit  of  the  ccdocynth 
(cucumis  colocynthis)  and  the  root  of  briony  (brionia  alba), 
two  vegetable  substances  possessing  narcotic  properties,  con- 
tain a  bitter  principle,  which,  as  far  as  observation  has  gone, 
possesses  exactly  the  same  properties  as  the  bitter  principle 
of  quassia. 
iPi^ratMiii,     II.  PiCROTOxiN.*— -Boullay  designates  by  this  name  a 
f^*"^?     p<?culiar  substance,  which  he  obtained  from  the  cocculus  in- 
cooettinsin-dicus,  the  fruit  oJF  the  menispermum  cocculus^  and  wluch 
dicu&         possesses  a  bitter  taste,  and  intoxicating  and  poisoning  quadi* 
ties.  It  is  separated  from  the  berries  by  treating  them  alter- 
nately with  water  and  alcohol.  It  is  in  the  form  of  crystals 
of  a  white  colour.  It  possesses  the  property  of  neutralizing 
acids,  and  constitutes  one  of  the  newly  discovered  salifiable 
bases  of  vegetable  origin. 
s«aiMii,tlM     III.  SciLLiTiN.— This  is  the  name  given  by  Vogeltoa 
SpiTof'^  peculiar  substance,  which  may  be  extracted  from  the  bulb  of 
iquilt         the  scilla  maritima,  or  squill.    It  comes  properly  under  the 
denomination  of  a  bitter  principle*  It  is  a  white  and  trans- 
parent substance,  which  breaks  with  a  resinous  fracture.  By 
exposure  to  air,  it  becomes  a  viscid  mass.  Its  taste  is  intensely 
bitter,  leaving  some  impression  of  sweetness  on  the  tongue. 
It  forms  with  water  a  mucilaginous  solution.  It  is  soluble 
in  alcohol. 
Caflfein,  the      IV.  Caffein. — This  substancc  may  be  obtained  from 
^1"*'"^^^;;  unburnt  coffee  by  the  following  process.  Treat  the  liquid, 
fee.  formed  by  digesting  the  grains  in  water,  being  first  filtered, 

with  hydrochloratc  of  tin.  Wash  the  precipitate  which  Will 
thereby  be  formed,  and,  having  mixed  it  with  water,  pass  a 
current  of  hydrosulphuric  acid  (sulphuretted  hydrogen) 
through  it.  The  tin  will  thereby  be  precipitated,  and  the  re- 
maining liquid  will  be  found  to  hold  in  solution  the  peculiar 
substance  caflfein.  This  substance  is  semitransparent  like 
horn,  and  has  a  yellow  colour*  It  is  soluble  both  in  water 
and  alcohol.    Its  solution  in  water  is  semitransparent,  and 


*  From  innfof,  bitter,  and  7o(iK*Vf  poUon 


JfUX>TDI.  4gy 

las  a  pleasant  bitter  taste.  When  it  is  treated  with  solutions  Cvah  l. 
>f  potash  or  soda,  its  colour  is  changed  to  gamet*red.  Solu-    ' 
ions  of  iron  change  it  to  a  fine  green.    This  is  the  most 
^racteristic  propert}*  of  caffein. 

Dr.  Thomson  has  reason  to  believe,  that  the  bitter  prin- 
:ilde  of  the  following  plants  is  the  aame  with  that  of  coffee; 
namely,  absynthium  vulgare  (worm*wood),  juniperus  sabi- 
IU8  (savine^,  rata  graveolens  (rue\  anthemis  nobilis  (cha- 
momile), achillea  millefolium  (milfoil.) 

V*  Daphnin.*— This  is  the  bitter  principle  of  the  daphne  Dtphnm. 
dpina.    It  is  a  hard  crystaliizable  substance,  of  a  greyish 
colour  and  bitter  taste. 

VI.  Artipicial  bitter  principle.-— The  substance,  Ariifidai 
to  which  this  name  is  applied,  is  formed  by  the  action  of  ^5|^^' 
lutric  acid  upon  various  vegetable  and  animal  substances.  t£ed  from 
k  was  originally  obuined  from  silk  by  the  action  of  nitric  ^  "^. 
Bcid.  It  has  also  been  formed,  by  the  action  of  the  same  acid,  ttanoet  bj 
Erom  the  white  willow  and  indigo.  It  is  a  crystaliizable  sub-  ^^  '^^^ 
itance,  of  a  deep  yellow  colour  and  intensely  bitter  taste.  It  ,Jlt!^^ 
is  capable  of  dyemg  silk,  woollen  cloth,  and  cotton  of  a  dura- 
ble yellow  colour.   It  has  the  property  of  an  acid,  in  so  far 
w  to  form  compounds  analogous  to  salts  by  combining  with 
die  salifiable  bases. 


SECTION  XI. 

OF  NiCOTlN. 

1.  This  substance  was  discovered  by  Vauquelin  as  the  Nieotiu, 
principle  to  which  tobacco  owes  its  peculiar  properties.  It  {^^,^^2****' 
is  obtained  by  dissolving  the  inspissated  juice  of  tobacco  in  prindpie  of 
slcohol,  which  takes  up  the  nicotin  as  well  as  uncombined  tobaceo. 
malic  and  acetic  acids*  The  alcoholic  solution  is  evaporated 
to  dryness,  and  the  dry  mass  dissolved  in  water.  The  un- 
combined acids  are  then  saturated  with  potash,  and  the  wa- 
ter distilled  off  to  dryness.  This  water,  although  colour- 
less, is  a  solution  of  nicotin.  From  this  solution,  Sie  nicotin 
may  be  obtained  by  cautiously  driving  off  the  water  by  eva- 
poration. Nicotin  is  a  colourless  substance,  having  the  pe- 
puliar  smell  and  taste  of  tobacco.  It  possesses  poisonous 
properties.  It  produces  violent  sneezing.  Its  solution  either 
m  alcohol  or  water  has  the  same  taste  and  smell.  It  is  vo- 
latile, and  has  some  analogy  to  the  volatile  oils. 
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OP  EXTRACTIVE. 

The  term        !•   The   tcrm    extract  or  extractive  has  been  used  in 
extraeUve    many  different  senses.  In  its  original  acceptation^  it  m-ant 
ferent"       those  parts  of  plants,  which  are  soluble  in  water,  and  niif 
acDBet.        be  obtained  from  this  liquid  by  evaporation*   In  the  present 
section,  the  term  extractive  is  applied  to  a  peculiar  vegetal- 
ble  substance,  which  may  be  obtained  from  a  great  number 
of  plants,  and  which  possesses  the  following  g^nferal  proper- 
ties. It  is  soluble  in  water,  with  which  it  forms  a  solution 
always  coloured.  Absolute  alcohol  or  ether  does  not  dis- 
solve it,  but  it  is  soluble  in  common  alcohol.  Its  taste  is 
always   strong,  but    different    as   obtained  from   diffrrent 
plants.  By  repeated  solutions  and  evaporations,  it  becomes 
deeper  coloured,  and  at  last  msoluble.  Its  s  ilution,  when 
exposed  to  the  air,  is  liable  to  putrefaction.   When  mixed 
with  sulphate  or  hydrochlorate  of  alumina,  a  precipitate 
falls,  consisting  of  alumina  and  extractive  combined.  It  it 
precipitated  from  its  solutions  by  hydrochloric  or  sulphuric 
acid.  It  unites  with  the  alkaline  bases,  as  well  as  with  moit 
of  the  salifiable  bases  of  the  third  class,  usually  called  me- 
tallic oxides,  forming  insoluble  compounds. 
ExtraetiTe,      2*  Extractive  is  different  in  its  properties,  according  to 
Jff^T^^J  *"  ^^^  vegetable  substance  from  which  it  may  be  obtained.  It 
fromlliflre-  cxists  in  the  sap  of  almost  all  the  trees  which  have  been 
rent  Tege-  examined.  It  is  thrown  down  from  this   vegetable  liquid 
^oifii,        Y)y  means  of  chlorine,  or  by  evaporation  at  a  sand  heat.  It 
is  a  constituent  also  in  all  barks,  as  far  as  thev  have  been 
the  subject  of  experiment.  It  almost  always  accompanies 
tannin. 

3.  Extractive  is  present  in  catechu.  It  may  be  obtained 
from  this  astringent  substance  by  repeated  washings,  until 
the  water  which  comes  off  gives  no  indication  of  the  pre- 
sence of  tannin  upon  the  addition  of  gelatin.  What  remains 
will  consist  of  extractive. 

4.  Senna  dissolves  in  twice  its  weight  of  cold  water,  and 
forms  an  infusion,  which  contains,  besides  a  considerable  pro- 
portion of  carbonate  of  lime,  sulphate  of  potash,  carbonate 
of  magnesia  and  a  little  silica,  a  certain  quantity  of  extrac- 
tive. This  may  be  made  evident  by  means  of  hydrochloric 
acid  or  chlorine,  either  of  which  throws  down  the  extractive 
somewhat  altered  in  its  properties.  The  extractive  of  sen- 
na, when  placed  upon  burning  coals,  emits  a  thick  smoke  and 
exhales  an  aromatic  smell,  the  residuum  being  a  spongy 
charcoal. 


EXTRACTITE--EIfETIK.  4gg 

5.  Peruvian  bark  was  found  by  Fourcroy  to  contain  a  Cbaf.  L 
peculiar  exiractive.  It  is  separated,  by  treating  the  watery  ~— — ^ 
extract  of  the  bark  with  alcohol.  The  alcoholic  solution 
thus  obtained,  by  evaporation,  affords  the  extractive.  When 
dry,  it  is  a  black  and  brittle  substance,  which  breaks  with 
a  polished  fracture.  Its  taste  is  bitter.  It  is  insoluble  in 
cold  water,  but  dissolves  in  hot  water  and  in  alcohol. 


SECTION  XIII. 

OF  EMETIN. 

1.  Emetin  is  the  name  given  to  the  peculiar  substance, Emetine 
discovered   in  ipecacuanha  by  Majendie  and  Pclletier,  to  ^***  l*.**".||" 
which  this  vegetable  owes  its  emetic  property.  pleofipe- 

2.  It  is  obtained  in  the  following  manner.  An  alcoholic  ••«»nl»« 
solution  of  ipecacuanha  which  had  previously  been  digested 

in  sulphuric  ether,  is  evaporated  to  dryness;  and  the  dry 
mass  obtained,  dissolved  in  water,  and  treated  with  a  solu- 
tion of  acetate  of  lead.  A  precipitate  is  thereby  formed, 
composed  of  emetin  and  oxide  of  lead.  Thib  precipitate,  be- 
ing washed  and  diffused  in  water,  is  subjected  to  the  action 
of  hydrosulphuric  acid  gas  (sulphuretted d  hydrogen).  This 
acid  gas  throws  down  the  lead,  and  the  disengaged  emetin 
dissolves  in  the  water.  It  is  afterwards  obtained  from  its 
aqueous  solution  by  evaporation  to  dryness. 

3.  Emetin  is  a  brownish-red  uncrystallizable  substance,  Its  propcr- 
in  the  form  of  transparent  scales,  destitute  of  smell,  and  ^^ 
having  a  taste,  bitter  and  somewhat  acrid,  but  not  in  the 

least  nauseous.  It  is  soluble  both  in  water  and  in  alcohol.  It 
is  not  affected  by  any  heat  below  the  boiling  point;  and 
above  that  temperature,  it  does  not  melt,  but  swells,  black- 
ens, and  is  decomposed  into  water,  carbonic  acid,  a  little 
oil,  and  acetic  acid. 

4.  It  is  not  acted  on  by  sulphuric  acid  in  a  diluted  state, 
but  when  concentrated,  it  is  charred  and  destroyed  by  its 
action.  Nitric  acid  forms  with  it  a  red-coloured  solution, 
gradually  becoming  yellow,  and  depositing  crystals  of  oxalic 
acid.  Hydrochloric  and  phosphoric  acids  dissolve  it  with- 
out alteration.  Acetic  acid  is  one  of  its  best  solvents.  Ace- 
tate of  lead  precipitates  it  from  solutions  in  abundance. 

5.  When  given  to  the  amount  of  half  a  grain,  it  proves  its  action 
violently  emetic.   Its  operation  is  followed  by  sleep.  In  do-  "p*'"  **>«*• 
ses  of  twelve  grains,  or  even  much  smaller  ones,  it  proves  nomj. 
fatal.  Upon  dissection  after  death  produced  by  it,  it  was 

found  that  the  lunes  and  intestinal  canal  were  inflamed. 
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SUBSTJiJrCES  IJ^SOLUBLE  IJ^  COLD  WATER,  BUT  PAR- 
TIALLY SOLUBLE  IJ^  HOT. 

SECTION  I. 

OF  MORPHIA. 

Morphia,  !•  Serturner  gives  the  name  of  morphia  to  a  peculiar 
thenarco.  substaiice,  which  he  discovered  in  1817  ia  opium,  and  to 
pfe^of  opi-  which  this  vegeuble  medicine  owes  its  narcotic  properties. 
urn.  Precisely  the  same  substance  has  been  ascertained  by  Vau- 

quelin  to  exist  in  the  opium  from  the  garden  poppy. 

2.  This  substance  exists  in  opium  combined  widi  a  pe- 
culiar acid,  which  Scrtiirner  calls  meconic*  acid.f  It  b 
extracted  by  the  following  process.  Rub  together  eight 
ounces  of  pulverized  opium  with  two  or  three  ounces  of 
strong  acetic  acid  and  a  little  water,  until  the  whole  his 
assumed  the  consistency  of  a  soft  pap.  Pour  upon  the  mix- 
ture, thus  formed,  two  or  three  pounds  of  water,  and  strain 
the  whole  through  a  cloth.  A  coloured  liquid  passes 
through,  which  contains  acetic  acid  and  meconate  ot  mor- 
phia, a  litde  morphia  combined  with  extractive,  and  neo- 
tralized  free  extractive.  Upon  the  addition  of  caustic 
ammonia,  morphia,  contaminated  with  extractive,  is  thrown 
down  in  abundance.  To  separate  the  extractive,  digrest  the 
impure  morphia  in  a  very  small  quantity  of  alcohol.  This  li- 
quid takes  up  the  extractive  and  leaves  the  morphia  behind. 
Its  proper-  ^*  Morphia  is  a  colourless  crystallizable  substance,  spa- 
lics.  ringly  soluble  in  boiling  water,  but  forming  solutions  rea- 

dily with  alcohol  or  ether  which  have  a  bitter  taste.  It 
combines  with  many  of  the  acids,  forming  neutral  com- 
pounds, and  appears,  in  some  respects^  to  bear  considerable 
analogy  to  the  alkaline  salifiable  bases*  When  exposed  to  a 
gentle  heat,  it  melts  and  assumes  somewhat  of  the  appear- 
ance of  melted  sulphur.  It  burns  easily  in  the  open  air;  but 
when  heated  in  close  vessels,  it  is  converted  into  a  solid  re- 
sinous black  mass,  having  a  peculiar  smell.  It  has  not  been 
analyzed,  but  Serturner  considers  it  to  be  a  compound  of 
oxygen,  carbon  and  hydrogen. 
Us  action  4.  Morphia  is  found  to  exert  a  powerful  action  upon 
un  the  hu-  ji^g  animal  system.  When  given  in  the  dose  of  half  a  grain, 


man  sjs- 

\  em. 


•  From  fJWKuy^  the  poppy. 

f  In  a  late  niimher  of  the  Annates  de  Chimic  (Xov.  1818),  Taaqnelin  attri- 
hvites  the  rliscoverj  of  morphia  and  meconic  acid  to  Scguin.  He  certainly  proves 
that  Scguin  insulated  and  characlerizefl  both  these  suhslonces,  although  he  did 
rot  appropririte  to  them  peruliar  names. 


MORPHIA— STRYCHmN. 
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dissolved  id  spirits,  to  a  young  person,  it  proriuced  flashing  Chap.  I. 
of  the  face,  and  an  increase  of  muscular  power.  The  same  " 
dose,  repeated  in  half  an  hour,  occasioned  a  dull  pain  in 
the  head,  giddiness,  stupor  and  nausea.  A  third  dose  of 
half  a  grain  being  given,  all  the  effects  of  the  substance  were 
so  much  increased,  as  to  create  alarm  for  the  safety  of  the 
subject  of  the  experiment. 


SECTION  II. 

OP  STRYCHNIN.* 

1*  Pelletier  and  Caventou  have  succeeded  in  obtaining  Stryehnin, 
the  poisonous  principle  of  the  nux  vomica  and  St.  Ignatius's  thedelete- 
bean  in  a  separate  state,   which  proves  to  be  the  same  in5p?eoftlM! 
both.  The  plants  which  furnish  these  substances  belong  to  ""<  ▼orai- 
the  genus  strychnos.  The  wood  of  another  species  of  this  Sn^lSk^s 
genus  (s.  colubrina)  has  yielded,  to   these  chemists,  the  bean. 
same  peculiar  principle.  It  is  in  consideration  of  these  facts, 
that  Pelletier  and  Caventou  have  named  the  peculiar  prin- 
ciple strychnin. 

2.  Strychnin  is  a  white  and  granular  substance,  scarcely  Its  proper- 
soluble  in  water.  Notwithstanding  its  sparing  solubility,  it  ^^' 
possesses  a   very  intensely  bitter  taste.    The  impression, 
which  it  leaves  upon  the  mouth,  has  been  compared  to  that 
occasioned  by  the  metallic  salts.  It  is  entirely  destitute  of 
smell.  It  restores  the  colour  of  vegetable  blues,  previously 
reddened  by  acids.  It  suffers  no  alteration  in  the  air.  When 
exposed  to  a  heat  gradually  increased,  it  is  decomposed  at 
a  lower  temperature  than  is  sufficient  to  destroy  the  genera- 
lity of  vegetable  substances,  and  charcoal  is  developed.  The 
products  of  its  decomposition  by  heat  are  an  empyreumatic 
oil,  some  acetic  acid,  carbonic  acid,  bihydroguret  of  carbon 
(carburetted  hydrogen)  and  a  bulky  charcoal.  It  is  conse- 
quendy  composed  of  oxygen,  hydrogen,  and  carbon. 

3«  Strychnin  possesses  the  properties  of  a  salifiable  base, 
inasmuch  as  it  forms  with  acids  neutral  compounds,  which 
are  transparent,  soluble,  and  crystallizable.  A  number  of 
salts  have  already  been  formed  from  it,  and  their  proper- 
ties noticed  by  Pelletier  and  Caventou.  It  forms  a  peculiar 
salt  with  nitric  acid,  when  diluted;  but  is  changed  to  a 
red  colour  and  altered  in  its  properties  by  the  action  of  this 


*  It  haf  alreiuly  been  rocntionccl,  that  Dr.  Thomson's  classification  of  vegeta- 
ble proxirontc  constituents  is  adopted  in  this  work.  Strychnin,  however,  was  not 
known  when  the  Inst  e«1ition  of  this  chemist's  work  vras  put  to  press;  and  1  have 
(HHced  it  where  it  is  most  probable  Dr.  Thomson  would  b'tve  placed  it  himself. 
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acid  in  a  concentrated  state.  The  acid  appears  to  oxidize 
the  strychnin,  which,  after  being  thus  altered,  still  retains 
its  salifi  tble  property,  though  less  alkaline  in  its  nature.  By 
the  repeated  action  of  nitric  acid,  it  gradually  becomes  less 
and  less  alkaline  and  bitter,  and  at  last  loses  its  deleterious 
properties. 

4.  Str}'chnin  is  united,  in  the  nux  vomica  and  bean,  with 
a  peculiar  acid,  which  is  called,  by  its  discoverers,  igasuric 
acid,  from  the  Malay  name  of  the  bean. 

5.  Strychnin  is  a  very  violent  poison*  Half  a  grain  of  it, 
blown  into  the  throat  of  a  rabbit,  killed  the  animal  by  teta- 
nus in  five  minutes.  Upon  introducing  the  same  quanUty  of 
the  poison  into  an  incision  on  the  back  of  a  rabbit,  death 
was  produced  by  tetanus  in  three  minutes.  The  salts  hrwr 
ed  from  this  substance  are  found  to  be  even  more  power- 
ful; which  circumstance  is  attributed  to  their  solubility. 
Nitrate  of  strychnin,  given  to  a  rabbit  in  the  dose  of  a  quar- 
ter of  a  grain,  caused  tetanus  in  two  minutes,  and  death  in 
three  more.  Str)'chnin,  when  oxidized,  becomes  less  poi- 
sonous, and  by  the  repeated  action  of  nitric  acid  is  rendered 
at  last  harmless.  Its  effects  are  counteracted,  in  an  emineiit 
degree,  by  the  use  of  opium.  Majendie  has  given  it  a  trial 
as  a  medicine,  and  observed  the  same  effects  from  its  use, 
as  from  that  of  the  nux  vomica,  the  bean,  or  the  upas  of 
Java;  stimulating  especially  the  spinal  marrow,  and  inda- 
cing  a  true  tetanus.  It  is,  however,  more  powerful  than 
these  substances.  When  exhibited  in  doses  of  a  quarter  of 
a  grain,  in  a  case  of  muscular  debility,  occurring  in  a  man 
of  sixty  years  of  age,  in  consequence  of  a  cerebral  disease, 
it  induced  several  attacks  of  tetanus*. 


SECTION  III. 


OK  ASPAHAGIV. 


AspaniRiii,       1,  AsPARA(;iN  is  the  name  given  by  Dr.  Thomson  to  the 

a  liccuim-    peculiar  vegetable  substance,  which  was  noticed  by  Vauquc- 

extr:ictcii    lin  and  Robiquet  to  be  deposited  in  crystals,  when  the  ex* 

from  aapa-  pressed  juice  of  asparagus,  evaporated  to  a  syrup,  is  allowed 

to  stand.    These  crystals  are   white  and  transparent,  and 

have  a  cooling  and  slightly  nauseous  taste.  They  are  vcr>' 

soluble  in  hot  water,  but  sparingly  so  in  cold.  In  alcohol  they 

are  insoluble. 


•     •! 


Tlir  facts  jrivcn  in  tlic  aho%'c  srciion  wcro  taken  from  a  vap^r  oii  rtnrfhnia 
l»y  Ptlleti<*r  umi  Cluvcnioii,  w  hich  appearcil  tow  mhIs  the  dote  of  the  last  year  in 
the  Annates  de  rhiniir. 
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SECTION  IV.  

OF  CERASIN. 

1  Cerasin  is  the  name,  by  which  Dr.  John  distinguishes  Cemfai  bn 
s  peculiar  vegetable  substance,  heretofore  confounded  with  ^mtofore 
ram,  and  which  possesses  the  following  properties.  It  is  {bonded^ 
harder  than  gum,  but  has  the  same  appearance  and  taste  as  wiUigom. 
this  vegetable  substance.    When  put  into  water,  it  imbibes 
diift  liquid,  and  becomes  transparent  and  gelatinous,  but  (loes 
not  dissolve.  It  may  be  dissolved  in  boiling  water,  but  it 
precipitates  as  the  Uquid  cook.  It  is  insoluble  in  alcohol 
and  ether. 

3.  The  only  vegetable  substances,  mendoned  by  Dr.  itb  fbrnUi- 
Tbomson  as  furnishing  cerasin,  are  the  gum  tragacanth,  and  ^  ^J  1^ 
the  difierent  gums  which  exude  f^m  the  cherry  and  plum  wSehtTthe 
trees,  as  well  as  from  the  almond  and  apricot.  hardened 

3.  Gum  tragacanth  is  the  juice,  hardened  in  the  sun,  of  {^  ^  ^ 
Ae  astragalus  tragacantha,  a  thorny  shrub,  which  grows  in 
Candia  and  other  islands  of  the  Levant.    It  may  be  consi- 
dered as  pure  cerasin.    When  put  in  water,  it  imbibes  a 
large  portion  of  this  liquid,  encreases  in  volume,  and  forms 

a  jelly-like  mass.  By  agitation,  this  mass  may  be  so  diffused, 
aa  to  form  a  liquid,  having  the  appearance  of  whey,  and 
which,  upon  rest,  becomes  clear  again.  When  absolution 
of  gum  arable  is  poured  into  the  whey-like  liquid,  so  far 
from  forming  any  union  with  the  tragacanth,  the  latter  sub- 
sides much  faster  than  it  otherwise  would  do.  When  treated 
with  nitric  acid,  it  yields  abundance  of  saclactic  acid. 

4.  The   gummous   exudations    from  the   trees  already  Gammons 
mentioned  are  found  by  Dr.  Thomson  to  be  compounds  of  ""''■f*"** 

_  ,  .        •'  ■  are  mix* 

real  gum  and  cerasin.  toreiof 

gum  and 


oeraiui. 


SECTION  V. 

OF  INULIN. 

1.  Dr.  Thomson  has  given  this  name  to  the  peculiar  sub-  inaUn,a 
stance,  which  Rose  discovered  in  the  roots  of  the  inula  he-  JJ^^JJ^ 
lenium  (elecampane.)  It  may  be  obtained  by  allowing  their  rnrnished 
decoction  to  stand  for  several  hours.    The  powder  which  *>y  eiecam- 
will  be  found  precipitated  is  inulin.  ^^^' 

2.  Inulin  is  insoluble  in  cold  water,  but  may  be  diffused 
through  this  liquid,  so  as  to  have  the  appearance  of  milk.  It 
is  readily  soluble  in  hot  water.  Alcohol  produces  no  change  in 
the  aqueous  solution  when  first  added,  but  afterwards  pre- 


^1^  nBBuau  PBOxniATB  oomFnTVEimr. 

FmwJl  cipitatei  the  iauUk  in  the  form  of*  bulky  wlute  powdo. 
j|2;E^Giun,Mniliiiy  treated,  «o^  tcouaaBul^iarwrcnl^W 


SECTION  W.       -• 
OPiTABCa     .,    '  * 
SlM«h(  Ll^HpeeiiUarvrgi^ble  subsrancs  R1B7  bereailllf«l^ 

twwJiirii  Mnid  from  wbeat  fl»ur,  by  forn  ing  ii  iota  a  pusU  widl  »«- 
i^fciw  *<^*  **"'  knewdutg  it  continually  under  ii  sireiiR)  of  mur, 
vutil  this  liquid  rwitt  off  colourless.  The  waicr  ii  famii  v> 
have  wpanued  a  poriii>D  of  the  fiour,  and  to  have  anuncd 
■  iailky  ■ppewancp.  Upon  standing,  it  dcposittrs  a  wbilc 
powder>  Tbii  powder  is  atvch.  VVhiit  remains  of  the  fioiu 
not  affected  by  die  stream  of  water  is  glutm,  a  sutaaace 
wbich  will  be  dcacribed  hereafter. 
riiiii  9.  Starch  is  obtnined  by  the  manufacturer  by  the  Mfcnr- 

piMcd  ^  ing  proceas.  Wheat  is  steeped  in  cold  water,  until  the  gruni 
2^^^"'  have  become  aoaoft  as  to  yield  a  milky  juice  when  sijucczcd. 
It  U  then  put  into  coarse  linen  sacks,  and  subjecteci  lo 
preaaore  in  vata  filled  with  cold  water.  The  milk)  juice  it 
in  tlua  wn  aqueezcd  out  of  the  grains,  and  becomes  dif- 
fnaed  in  the  witcr^  The  wheat  is  repeatedly  steeped  iawt- 
ter  and  aubjccted  to  pressure,  as  long  as  it  yields  any  o(  the 
milky  juice;  after  which  the  sacks  and  their  contearts  ve 
removed  from  the  vats.  The  starch  soon  subsidca,  and  ibe 
water  which  covers  it  gradually  undergoes  a  fermentatioB, 
during  which  a  portion  of  dcohol  and  vinegar  is  fermeiL 
The  vinegar  dissolves  the  impurities,  and  Icavca  the  stud 
untouched.  The  supernatant  liquid  is  then  drawn  off,  aat 
the  starch  washed,  and  dried  at  a  moderate  heat.  Doriig 
drying,  it  cracks  into  small  columnar  masses,  posscssia| 
considerable  regularity.  It  is  now  in  the  state  in  which itis 
used  for  stiffening  linen  and  cotton  cloth,  and  for  other  pur* 
poses. 
Fropcrtiei  3.  Starch  has  a  fine  wlute  colour,  scarcely  any  smell,  and 
**■*  ■■  very  little  taste.  When  exposed  to  air  in  a  dty  atatc,  it  u»- 
dcrgoes  no  alteration.  It  is  insoluble  in  cold  water.  With 
hot  water,  it  may  be  formed  into  a  kind  of  jelly,  which  cas 
be  diffused  in  boiling  water,  so  as  to  remain  suspended  foe 
a  longer  or  shorter  time,  but  docs  not  dissolve.  It  is  per- 
fectly insoluble  in  alcohol,  even  when  assisted  by  heat.  It  it 
insoluble  also  in  ether.  None  of  the  salifiable  bases,  as  far 
as  they  have  been  tried,  is  capable  of  precipitating  it,  e& 
cept  barytes.  Its  most  characteristic  property  consists  in  in 
being  thrown  down,  combined  with  tanntn,  from  idl  soW 


STABCH.  495 

infusion  of  nutgalls.    It  constitutes  a  very  deli-  Cwat.  t. 
>t  the  presence  of  iodine.  — —— — 

iiuric  acid  dissolves  starch  slowly,  and  developes  Kflfects  of 
ky  charcoal.  When  diluted  and  heated,  this  acid  JJj^^ST**" 
11  without  alteration.    Diluted  nitric  acid  dissolves  upon  it. 
M^ly,  and  forms  a  green-coloured  solution,  on  the 
which  there  swims  a  white  matter,  not  acted  upon 
d.  This  peculiar  mode  of  action  oJF  nitric  acid  has 
n   advantage   of,  to  detect  starch   in  vegetables, 
drochloric  acid  dissolves  starch  slowly,  and  with- 
sscence.    When  the  proportion  of  the  starch  does 
i  ^V^h  of  the  acid,  the  solution  is  transparent  and 
;  but  when  in  larger  amount,  it  loses,  in  a  degree, 
ty,  and  becomes  of  a  brown  colour* 
.'n  starch  is   thrown  upon  a  hot  iron,  it  melts, 
froths  and  swells,  and  burns  with  a  bright  flame, 
i  large  quantity  of  smoke;  but  it  does  not  explode, 
le  peculiar  smell,  which  sugar  does  under  similar 
nces. 

ording  to  an  analysis  by  Gay-Lussac  and  Thenard,  Compoti* 
:om  posed  of  ^!^ 

Hydrogen  6'77 

Carbon  43*55 

Oxygen  49*68 

100-00 
!ry  large  proportion  of  the  vegetables,  employed  as  Starch  is 
nan,  contain  starch.  It  may,  therefore,  be  justly  ^^^°'^" 
d  a  highly  nutritious  vegetable  principle.  Its  me- 
operties  are  those  of  a  demulcent. «  It  is  often  ad- 
isly  used  in  diarrhoea  and  dysentery,  both  by  the 
d  in  the  shape  of  clyster,  more  particularly  in  the 
m,  when  there   is  irritation  in  the  rectum.    The 
slants,  in  which  it  is  most  abundantly  found,  are 
Is  and  bulbous  roots.  The  following  table  exhibits 
»rtion  of  starch  contained  in  one-hundred  parts  of 
,  which  constitute  the  greater  portion  of  the  vege- 
1  of  man. 


FFERENT  VEGETABLE  SEEDS. 


^f  wheat  (triticum  hybernum) 

rye  (secale  cereale) 

barley  (hordeum  vulgare) 
of  orysa  sativa  (rice) 

pisum  sativum  (pea) 

phaseolus  vulgaris  (kidney  bean) 


Qaantity  of  starch 
per  cent 


74*5  • 
62 

67t 
from  84  to  85 
33 
36 


Dg  to  Proust.  Thomson's  Annals  xii.  909. 

r  the  Annals  of  Philosophy,  that  Proast  has  lately  suhjected  barley 
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PawII. 
Booc  II. 

The  pout- 
toe  eoataini 
ISpereeot. 
ofiuroj^ 
whieh  dif- 
fers from 
wheat 
stireh. 


VEGETABLE  PROXIMATE  CONSTITUENTS. 

8«  The  bulbous  root  of  the  potatoe  (sotanuin  tuberosum) 
was  found  by  Einhof  to  v^d  15  per  cent,  of  starch.  The 
method  of  obtaining  it,  is  to  grate  down  the  potatoe  to  a 
pulp^and  to  wash  it  repeatedly  with  water  on  a  fine  sieve. 
The  water  carries  with  it  the  starch,  and  must  be  received 
in  proper  vessels  and  allowed  to  settle.  This  starch  differs 
from  wheat  starch,  in  forming  aJthicker  paste  with  water, 
in  having  a  perceptible  crystallized  appearance,  and  in  being 
specifically  heavier. 

9.  The  sago,  salop  and  Upioca  of  the  apothecaries,  sub- 
stances so  frequently  ordered  as  diet  for  the  sick,  are  all 
different  varieties  of  starch. 


SECTION  VII. 


OF  INDIGO. 


Iii4iso»  ob- 
tained front 
•everal 
iHanti. 


Prooen 
described. 


Indigo  of 

oomraerce 

desoribed. 


1.  Indigo  of  commerce  is  the  produce  of  several  species 
of  plants,  which  grow  in  the  West  Indies  and  South  Ame- 
rica. These  are  the  indigofera  argentea,  or  wild  indigo,  the 
indigofera  disperma,  or  Guatimala  indigo,  and  the  indigo- 
fera tinctoria,  or  French  indigo.  The  first  mentioned  yields 
the  best  indigo,  but  in  smallest  quantity;  the  last  named, 
the  greatest. 

Urn  The  indigo  is  separated  from  the  plants  by  steeping 
them  in  water,  until  they  undergo  a  species  of  fermentation, 
at  which  time,  they  communicate  a  green  colour  to  the  wa- 
ter. The  wate#  is  drawn  off  and  agitated,  by  which  means 
blue  floculi  appear,  and  the  whole  becomes  curdled.  Lime 
water  is  now  added,  which  is  supposed  to  act  by  prevent- 
ing putrefaction,  and  the  floculi  are  allowed  to  subside.  The 
water  is  then  drawn  off,  and  the  pigment  placed  in  linen 
bags  to  drain;  after  which,  it  is  put  into  little  square  boxes 
and  dried  in  the  shade. 

3.  The  indigo  of  commerce  is  a  light  friable  substance, 
of  a  deep  blue  colour  and  compact  texture;  its  colour,  how- 
ever, varies  somewhat  with  the  different  modes  of  its  pre- 
paration. That  which  is  lightest  is  most  free  from  impurities, 
and  is  therefore  best. 


to  analjBts,  and  finds  it  to  contain  oitly  3S  per  cent  of  starch.  This  chemist  eon- 
ccives,  that  he  has  detected  a  new  vegetable  principle  in  this  grain,  in  the  amonnt 
of  55  per  cent,  which  he  calls  hordein.  (Annals,  xii.  1201.) 
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y^ According  to  Bergman,  the  indigo  of  commerce   is  Chap.  I. 
^posed  of                                                                                       " 

Pure  indigo  47 

Gum  12 

Resin  6 

Barytes  lime  and  silica  22 

Oxide  of  iron  13 

100 
Thus  it  appears  that  more  than  half  the  weight  of  the  indigo 
^  of  commerce  consists  of  impurities. 

5*  Pure  indigo  is  a  soft  powder  of  a  deep  blue  colour  in-  Pure  indigo 
dining  to  purple,  and  destitute  of  taste  or  smell.  It  under-  *^*««"*^- 
goes  no  alteration  in  the  air.  It  is  insoluble  in  water.  When  ex- 
posed to  heat,  it  emits  a  bluish-red  smoke,  and  at  last  burns 
with  a  faint  white  flame*  The  residuum  is  9  portion  of  ashes* 

6.  Diluted  sulphuric  acid,  digested  upon  common  indigo,  Effecu  of 
lias  DO  other  effect  than  to  dissolve  the  impurities;  butthc^J^jCJJ" 
aame  acid,  when  concentrated,  dissolves  pure  indigo  withupooit* 
the  evolution  of  heat,  and  forms  the  solution,  known  by  the 
IMime  of  liquid  blue.  Nitric  acid,  by  its  action  upon  it,  pro- 
duces tannin  and  bitter  principle,  and  also,  by  peculiar  ma- 
nagement, benzoic  acid* 


SECTION  VIII. 

OP  GLUTEN. 

1.  This  substance  may  be  obtained  from  wheat  flour,  by  Gluten, 
forosing  it  into  a  paste  with  water,  and  kneading  it  under  a  cJJ^ro^**' 
jet  of  water,  until  this  liquid  comes  off  colourless.  The  starch  whi-at 

is  thereby  washed  off,  so  that  nothing  remains  but  pure  gluten.  ^""*'' 

2.  Gluten  is  a  ductile,  exceedingly  tenacious  and  elastic  lu  propet' 
substance  of  a  grey  colour.  When  spread  very  thin,  it  is  ^^ 
nearly  white  and  has  considerable  resemblance  to  tendon  or 
animal  membrane.  Its  smell  is  peculiar,  and  its  taste  very 
slight.  When  exposed  to  the  air,  it  at  first  assumes  a  brown 
colour,  and  becomes,  as  it  were,  covered  by  a  coat  of  oil. 
Afterwards  it  becomes  dry,  in  which  state  it  has  some  re- 
semblance to  glue;  for  it  is  now  slightly  transparent,  has 

a  dark  brown  colour,  and  is  pretty  hard  and  brittle,  break- 
ing with  a  fracture  like  glass. 

3*  Gluten  in  its  fresh  state  always  contains  a  certain  quan-  When 
tity  of  water,  which  it  holds  with  great  obstinacy,  and  to  ^'^•^»  *^^"* 
which  it  owes  its  elasticity  and  tenacity.    When  macerated 
in  cold  water  for  a  considerable  time,  an  opaque  liquid,  sus- 
pending small  films,  is  formed.    This  liquid,  by  repeated 

3  R 
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VEGETABLE  PROXIMATE  CONSTTTUBNTS. 


PlRT  U. 
Book  11. 


Moist  glo- 
ten  putre- 
fies Qpon 
keeping. 


Efifeetsof 
the  stron- 
ger aeids 
upon  glu- 
ten. 


Effeeti  of 
dr}'ing  and 
of  heat. 


Gluten  re- 
sembles 
animal 
matter. 

It  is  found 
in  a  great 
variety  of 
highly  nu- 
tritious sub 
stances. 


filtration,  may  be  rendered  transparent,  but  still  it  contains 
a  small  proportion  of  gluten.  From  this  it  appears,  that  this 
vegetable  substance  is  somewhat  soluble  in  water.  When 
the  transparent  solution  is  heated,  the  gluten  separates  in 
yellow  flakes. 

4.  When  gluten  is  kept  moist,  it  very  soon  Undergoes  a 
kind  of  putrefactive  fermentation.  It  swells,  emits  bubbles 
of  air  consisting  of  hydrogen  and  carbonic  acid,  and  exhales 
a  putrid  odour,  similar  to  that  which  attends  the  putrefac- 
tion of  animal  substances.  When  continued  in  the  same 
state  for  24  days,  the  gluten  becomes  converted  into  a  kind  of 
paste,  of  a  greyish-white  colour,  which  is  denominated  fer- 
mented gluten.  If  the  exposure  be  still  continued,  the  gluten 
at  last  acquires  the  smell  and  taste  of  cheese. 

5.  Fresh  gluten  does  not  dissolve  in  alcohol,  but  is  thrown 
down  from  its  aqueous  solution  by  this  liquid.  It  is  insolu- 
ble in  ether  also. 

6.  Concentrated  sulphuric  acid,  when  poured  upon  gluten, 
renders  it  at  first  violet-coloured,  but  at  last  black;  in- 
flammable air  is  evolved,  and  water,  ammonia  and  charcoal 
formed.  When  nitric  acid  is  heated  upon  it,  azotic  gas  is 
evolved,  oxalic  and  malic  acids  are  formed,  and  a  number 
of  yellow -coloured  oily  flakes  make  their  appearance.  When 
the  infusion  of  nut-galls  is  added  to  a  solution  of  gluten,  a 
yellowish-brown  precipitate  appears,  which  does  not  dis- 
solve by  the  application  of  heat. 

7.  When  moist  gluten  is  suddenly  dried,  it  swells  ex- 
ceedingly. When  dry  gluten  is  exposed  to  heat,  it  cracks, 
swells  and  melts,  then  blackens  and  exhales  a  fetid  odour, 
burning  precisely  like  feathers  or  horn. 

8.  Gluten  approaches,  in  many  respects  in  its  nature,  to 
animal  matter.  Yielding  ammonia  by  destructive  distillation 
and  by  fermentation,  one  of  its  constituents  must  be  azote. 
Its  other  component  parts  are  oxygen,  hydrogtrn  and  carbon. 

9.  Gluten,  besides  existing  in  large  proportion  in  wheat 
flour,  which  is  thereby  so  well  fitted  to  form  bread,  is  found 
in  many  other  nutritious  vegetable  substances,  in  greater  or 
less  amount.  The  principal  of  these  are  rye,  barley,  peas, 
and  beans,  as  well  as  chesnuts,  horse-chesnuts  and  acorns. 
It  has  not  been  discovered  in  the  potatoe.  After  being  fer- 
mented, it  forms,  by  trituration  with  a  small  quantity  of  al- 
cohol and  afterwards  mixture  with  a  considerable  quantity, 
a  solution,  which  constitutes  an  excellent  varnish  for  paper 
or  wood,  as  was  first  ascertained  by  Cadet.  This  same  che- 
mist ascertained,  that  fermented  gluten  formed  a  very  good 
ground  for  paint.  It  is  also  useful  for  the  purpose  of  ce- 
menting pieces  of  china. 
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C«AP.  L 

SECTION  IX. 

OF  FOLLENIN. 

!•  This  is  the  name  given  by  Dr.  John  to  a  peculiar  sub- Poiienin,  a 
stance,  which  may  be  extracted  from  the  pollen  of  the  pinus  ^Sj^J^ 
abies,  pinus  sy  Ivestris  and  lycopodium  clavatum,  and  which  extnusted 
is  supposed  by  him  to  be  the  characteristic  constituent  of  ^^  ^« 
the  poUt-n  of  every  species  of  plant.  Sbepioe. 

2.  Pollenin  is  a  yellow  substance,  destitute  of  taste  and 
smell.  It  is  insoluble  in  water,  alcohol,  ether  or  the  oils. 
When  exposed  to  the  air,  it  very  soon  acquires  the  odour 
and  taste  of  cheese,  and  afterwards  runs  into  the  putrefac- 
tive fermentation,  forming  a  considerable  quantity  of  ammo- 
nia. It  is  closely  allied  to  gluten  in  its  properties. 


SECTION  X. 

OF  FIBRIN. 

!•  Fibrin  must  always  be  considered  as  a  substance  ra-  Fibrin  cx- 
iStktT  of  animal  than  of  vegetable  origin.  But  as  a  substance  jaVecTof^^e 
has  been  detected  by  Vauquelin  in  the  milky  juice  of  the  papawtree. 
papaw  tree  (carica  papaya),  which  appears  to  be  the  same 
as  the  fibrin  of  the  blood;  fibrin,  although  previously  consi- 
dered exclusively  of  animal  origin,  must  be  mentioned  here 
to  complete  the  enumeration  of  vegetable  proximate  consti- 
tuents.   The  description  of  this  substance  will  be  deferred, 
until  treating  of  fibrin  as  an  animal  constituent. 


THIRD  SET. 

SUBSTAJ^CES  WHICH  MELT  WHEJ^  HEATED,   IF  J^OT 
ALREADY  LIQUID,  AJ^D  BURJ^  LIKE  OILS. 

SECTION  I. 

OF  OILS. 

1.  This  class  of  vegetable  constituents  has  been  divided  Oils  are  di- 
into  fixed  and  volatile  oils.  fijftrf  m? 

8.  The  fixed  oils  are  found  very  rarely  in  any  parts  of  ToUtile. 
vegetables  except  their  seeds,  which  are  almost  always  bi- 
cotyledonous.  Olive  oil  is  an  exception  to  this  rule,  being 
extracted  from  the  pulp  which  surrounds  the  stone  of  the 
fruit.  On  the  other  hand,  the  volatile  oils  are  found  in 
every  part  of  the  plant,  except  the  cotyledons  of  the  seeds. 
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Past  II.  These  latter  oils  are  very  numerous,  existing  in  fact  in  all 
P^^'^^t-  plants  having  a  peculiar  odour,  which  in  every  case  de- 
pends upon  their  presence.  Some  account  of  the  volatile 
and  fixed  oils  has  already  been  given.  The  subject  is 
resumed  merely  for  the  purpose  of  making  the  enumera- 
tion  of  the  proximate  constituents  of  vegetables  complete. 


SECTION  II. 

OF  WAX. 

Wax  may  1.  Wax  may  be  extracted  in  considerable  abundance 
be  extract- ffQ^j  several  plants.  The  greatest  quantity  of  this  sub- 
Tcrai  stance,  however,  is  fabricated  by  bees  from  vegetable  ma- 

plants,        terials.  Bees-wax  will  be  first   described,  and  afterwards 

the  principal  varieties  of  this  substance  will  be  noticed. 
Bee«-wax        2.  Bees-wax,  when  pure,  is  of  a  whitish   colour,  and 
detonbed.   nearly  destitute  of  taste  and  smell.  In  its  common  state, 
it  is  yellow,  and  has  a  pretty  strong  aromatic  odour;  but  it 
loses  both  colour  and  smell  by  bleaching,  which  is  effected  by 
exposing  the  wax,  in  thin  ribands,  for  some  time  to  the  at- 
mosphere. It  is  insoluble  in  water  and  in  cold  alcohol;  but 
alcohol,  assisted  by  heat,  is  capable  of  dissolving  ^th  of  its 
weight  of  it.   When  the  solution  cools,  the  greater  part  of 
the  wax  falls  down,  and  the  remainder  may  be  precipitated 
by  water.  Dr.  John  has  ascertained,   that  one   portion  of 
bees-wax  is  insoluble  in  boiling  alcohol,  and  has  properties 
distinct  from  the  soluble  portion.    The  insoluble  portion  he 
calls  myricin^  and  the  soluble  portion,  cerin. 
\ffk\  com-       3.  Wax  combines  readily  with  fixed  oils,  and  forms  com- 
^xxcd. o\\%^  pounds  of  more  or  less  consistency,  according  to  the  pro- 
portions used.  This  combination  forms  the  application  made 
to  sores,  which  is  known  by  the  name  of  cerate. 

4.  Wax  combines  with  potash,  soda  and  ammonia,  and 
forms  compounds  analogous  to  soaps. 

5.  Acids  have  but  little  action  upon  wax.  Ciilorine  pro- 
duces no  other  change  upon  it  than  to  destroy  its  colour, 
when  in  the  unbleached  state.  Its  insolubility  in  acids  fits  it 
as  a  lute  to  confine  corrosive  acids,  and  for  stopping  bottles 
containing  these  substances. 

Composi-        6.  According  to  Gay-Lussac  and  Thenard,  wax  is  cora- 

Oxygen  5*544 

Hydrogen  12-672 

Carbon  81-784 

100-000 
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7*  It  has  been  ascertained,  that  the  varnish,  which  covers  Chap,  l 
the  upper  surface  of  the  leaves  of  many  plants,  consists  of  ^^     jT 
a  substance,  which  possesses  all  the  properties  of  bees«wax.  Tering  tome 
It  may  be  separated  by  the  following  process:  Digest  the  If *\^'>i^  * 
bruised  leaves,  first  in  water  and  then  in  alcohol,  until  every  ^^. 
thing  soluble  is  taken  up.  Treat  the  residuum  with  six  times 
its  weight  of  water  of  ammonia,  as  long  as  this  liquid  will 
dissolve  any  thing.  Then  decant  the  solution  formed,  and, 
after  filtering  it,  add  diluted  sulphuric  acid,  more  than  suf- 
ficient to  saturate  the  ammonia,  stirring  the  whole  constant- 
ly* A  precipitate,  in  the  form  of  a  yellow  powder,  will  fall, 
which,  after  being  carefully  washed,  and  melted  over  a 
gentle  fire,  is  the  substance  in  question. 

8*  Myrtle  wax  is  obtained  from  the  myrica  cerifera,  a  Mjrtie- 
shrub  which  grows  abundantly  in  Louisiana  and  other  parts 
of  the  United  States.  The  wax  is  separated  by  boiling  the 
berries,  which  are  covered  with  a  coat  of  it,  in  water.  The 
boiling  water  melts  the  wax,  which  is  skimmed  oflF  its  sur- 
face. It  is  then  passed  through  a  cloth,  dried,  melted 
again,  and  cast  into  cakes.  This  wax  is  insoluble  in  water, 
and  but  sparingly  soluble  in  alcohoL  Its  specific  gravity  is 
greater  than  that  of  bees-wax.  It  forms  compounds  with 
potash,  soda  and  ammonia,  very  similar  to  those  formed  by 
bees-wax.  When  strongly  heated,  it  bums  with  a  clear  white 
Hame,  emitting  an  aromatic  odour. 

9.  Wax  is  of  indispensable  utility  in  pharmacy.  It  enters  Uses  of 
into  the  composition  of  almost  all  the  cerates,  ointments  and  pj^g^^^^y 
plasters,  employed  in  practice. 


wax. 


tree 


SECTION  III. 

OF  CAMPHOR. 

1.  Camphor  is  obtained  from  the  laurus  camphora,  a  Camphor, 
tree  which  grows  in  Japan,  and  other  parts  of  Asia.    Itf^*J^^ 
comes  to  Europe  and  America  in  a  crude  state,  formed  by  which 
distilling  the  wood  of  the  plant  with  water.  It  is  refined  for  JJ^^jjJ^ 
the  purposes  of  medicine  by  a  second  distillation  in  glass 
iressek. 

2«  Camphor,  after  being  refined,  is  a  white  brittle  sub-  Its  proper 
stance,  possessing  a  strong  acrid  taste,  and  peculiar  aro-^^'* 
matic  smell.  It  is  insoluble  in  water,  but  dissolves  readily 
in  alcohol,  from  which  it  may  be  precipitated  by  water.  It 
is  soluble  also  in  both  fixed  and  volatile  oils.  It  is  not  act- 
ed on  by  potash  or  soda,  whether  pure  or  in  the  state  of 
carbonates. 


502  I  VEGETABLE  PBOXMATE  COHBITTUENTS. 

Past  H.       3.  Most  of  the  acids  dissolve  camphor,  and  generally  it 
^^^  ^^'  may  be  precipitated  from  their  solutions  unaltered. 

4.  When  camphor  is  exposed  in  an  open  vessel  in  warm 
weather,  it  evaporates  completely.  It  is  volatilized  ako, 
whtrn  exposed  to  heat;  but  if  the  heat  be  suddenly  applied, 
it  may  be  melted  before  it  evaporates.  It  is  very  inflamma- 
ble, catching  fire  readily  and  emitting  a  great  deal  of 
flame,  and  leaving  no  residuum.  When  burnt  in  a  large 
globe  filled  with  oxygen  gas,  and  containing  a  little  water^ 
the  products  are  camphoric  acid  and  carbonic  acid  which 
impregnate  the  water,  and  charcoal  which  covers  the  inner 
surface  of  the  globe. 

5.  There  are  several  kinds  of  camphor,  besides  that  which 
has  just  been  described.  The  principal  oJF  them  are  the  cam- 
phor of  volatile  oils,  and  the  camphor  formed  by  treating 
oil  of  turpentine  with  hydrochloric  (muriatic)  acid. 

Camphor        6.  The  camphor  of  volatile  oib  exists  in  almost  all  these 
oTvoiatilo    bodies.  It  may  be  obtained  by  subjecting  them  to  various 
degrees  of  cold,  exposed  to  the  open  air:  the  oil  gradually 
evaporates,  and  the  camphor  is  left  behind. 
Artifidftl         7.  Artificial  camphor  is  made  by  passing  hydrochloric 
r*'°^iri°h    ^^'^^  S^^  ^"^^  ^  vessel  containing  oil  of  turpentine.  The  gas 
the™  ctioQ   ^^  absorbed,  and  the  oil  becomes  hot,  is  increased  in  bulk, 
of  hydro-    and  its  colour  changed  to  dark  brown.  After  standing  for 
TO oa*of "^  24  hours,  the  oil  deposites  crystals  of  artificial  camphor. 
turpentine.  These  crystals  at  first  have  a  slight  odour  of  oil  of  turpen- 
tine. To  remove  this  smell,  they  must  be  sublimed,  mixed 
with  their  weight  of  charcoal  powder,  wood-ashes  or  quick- 
lime. 
Propertiei       8.  When  thus  purified,  artificial  camphor  has  a  smell  re- 
ofartifioiai  scmbling  that  of  common  camphor,  but  not  so  strong.  Its 
camp  or.    ^^^^^  ^j^^  .^  similar  to  that  of  common  camphor.    It  swims 
on  water,  and  may  be  burnt  upon  its  surface,  as  is  the  case 
with  natural  camphor.   It  dissolves  completely  in  alcohol, 
from  which  it  may  be  precipitated  by  water.  Nitric  acid  of 
the  specific  gravity  of  1*261  has  no  action  upon  it,  although 
this  acid  dissolves  readily  common  camphor.  Concentrated 
nitric  acid,  however,  dissolves  it  with  the  emission  of  deu« 
toxide  of  azote  (nitrous  gas),  and  the  solution  formed  is 
not  precipitated  by  the  addition  of  water.   Hence  it  would 
appear,  that  artificial  camphor  resembles  common  camphor 
in  every  particular,  except  in  the  action  of  nitric  acid. 


BIRD-LDIE— BB8INS.  5Q3 

Chaf.L 

SECTION  IV. 

OF  BIBDl-UME. 

1.  The  viscid  matter,  which  covers  the  epidermis  of  Bird-Ume, 
die  robinia  viscosa,  has  been  ascertained  by  Vauquelin  to  ^btuned 
be  a  peculiar  vegetable  substance.  The  substance  called  «iet  of  ro- 
bird-lime,  by  an  analysis  of  Bouillon  la  Grange,  is  found  ^™^ 
to  owe  its  peculiar  properties  to  the  presence  of  a  body, 
very  analogous  to  die  peculiar  viscous  principle  just  men- 
tioned* It  is  on  this  account,  that  Dr.  Thomson  proposes  to 
call  the  vegetable  principle  itself  by  the  name  of  btrd^kme* 

%m  The  bird-lime,  which  exudes  spontaneously  from  plants,  iti  proper- 
is  a  green  adhesive  substance,  destitute  of  taste  or  smell.  It  ^^"* 
aoftens  between  the  fingers,  to  which  it  sticks  with  great 
cbstiDacy.  It  is  insoluble  in  water,  and  in  alcohol  when 
cold;  but  it  dissolves  in  hot  alcohol.  It  combines  readily 
with  oik.  Ether  dissolves  it  with  facility,  without  the 
assistance  of  heat. 

5*  Artificial  bird-lime  is  usually  prepared  from  the  middle  Ariifida 
bariL  of  the  hoUy.  This  bark,  after  being  boiled  six  or  eight  ^^i^^* 
hours  until  it  becomes   soft,  is  laid  in  the  earth,  covered  from  the 
with  stones,  to  undergo  fermentation,  by  which  it  assumes  ^^J- 
a  mucilaginous  consbtency. 


SECTION  V. 

OK  RESINS. 

1.  Resins  are  peculiar  substances,  which  flow  spontane- Reiiai, 
ously,  or  through  artificial  openings  from  trees,  not  uncom-  Jj^^  ^^ 
monly  mixed  in  the  first  instance  with  volatile  oils.   They 
possess  the  following  properties: 

d.  They  are  brittle  substances,  of  a  yellow  colour,  and  Theirgene- 
possessing  a  certain  degree  of  transparency.  They  have  a  ^^J*^^*''' 
taste,  which  is  more  or  less  acrid,  and  no  smell,  unless  they 
contain  foreign  bodies.  They  are  all  heavier  than  water. 
When  exposed  to  heat,  they  melt;  and,  if  the  temperature 
be  increased,  they  catch  fire  and  bum  with  £|  yellow  flame, 
emitting  a  vast  quantity  of  smoke.  They  are  insoluble  in 
water,  but  dissolve  with  few  exceptions  in  alcohol,  especially 
when  assisted  by  heat.  When  the  alcoholic  solution  is  mix- 
ed with  water,  they  are  precipitated  in  ths  form  of  a  white 
powder,  which  at  first  renders  the  solution  milky.  They  are 
soluble  also  in  sulphuric  ether.  The  greater  number  of  them 
dissolve  in  oil  of  turpentine.     Solutions  of  potash  or  soda, 
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Pabt  n.  either  pure  or  in  the  state  of  carbonates,  dissolve  them  per- 
^^^  *^-  fcctly  at  a  boiling  temperature;  and  the  compounds  formed 
have  the  properties  of  soap,  and  may  be  used  as  detergents. 
They  are  taken  up  but  imperfectly  by  ammonia.  The  action 
of  sulphuric  and  nitric  acids  is  to  dissolve,  and  afterwards, 
by  the  assistance  of  heat,  to  convert  them  into  tannin.     If 
the  action  of  the  first  named  acid  be  allowed  to  go  on  to 
its  fullest  extent,  they  are  converted  into  charcoal.   Hydro- 
chloric aoid  and  acetic  acid  dissolve  them  slowly,  and  form 
solutions,  from  which  they  may  be  precipitated  by  water. 
Retina  are       3*  Having  given  their  general  properties,  it  is  next  pro- 
of Tarkma    per  to  describe  some  of  the  individual  resins.    Those  which 
luDdB.         ^111  ^^  noticed  here  are  the  following;  namely,  rosin,  mas- 

tich,  tacamahac,  anime,  copal,  lac,  and  amber. 
1.  Rosin  ex-     [!•]  Rostfu  The  resinous  juice  which  exudes  from  different 
iiu  in  seTe-  species  of  fir  is  called  turpentine.     That  obtained  from  the 
tinevwh^  pinus  sylvestris  (common  Scotch  fir)  and  pinus  abies  (spruce 
•re  conipo-  fir)  is  denominated  common  turpentine;  that  from  the  pinos 
•ndcIioT"^'^  Venice  turpentine;  and  that  from  the  pinus  balsamea, 
torpeDtine.  balsam  of  Canada.  All  these  turpentines  are  composed  of 
two  constituents,  which  may  be  separated  by  diatillatioii; 
namely,  oil  of  turpentine,  which  distils  ovrr,  and  rosin, 
which  remains  behind.     Rosin  furnishes  a  very  perfect  ex- 
ample of  a  resin;  and  the  general  properties  of  the  resins, 
already  detailed,  may  be  considered  as  those  belonging  to 
this  substance. 

According  to  Gay-Lussac  and  Thenard,  rosin  is  compos- 
ed of 

Oxygen  13*337 

Carbon  75*944 

Hydrogen         10-719 

100-000 
2.Masiieb.       [2.]  iyjj^fic/i.— This  resin  exudes,  by  transverse  incisions, 
from  a  tree,  which  grows  in  the  Levant,  and  is  called  by  the 
botanists  pistacea  lentiscus.   It  is  in  the  form  of  transparent, 
yellow,  brittle  grains.  Its  taste  is  slight,  but  not  unpleasant. 
It  has  been  long  used  in  Turkey,  as  a  masticatory,  with  the 
view  of  strengthening  the  gums  and  sweetening  the  breath. 
When  heated,  it  emits  a  fragrant  odour.  The  action  of  dif- 
ferent chemical  bodies  proves  it  to  possess  the  general  pro- 
perties of  a  resin. 
3.  Tacama-      [3.]   Tacamahac* — This  is  the  produce  of  an  American 
^^^'  plant,  called  fag^ara  octandra.    It  is  in  the  form  of  oblong 

masses,  wrapt  in  flag  leaves,  possessing  a  light  brown  colour. 
It  is  very  britde.  When  heated  it  easily  melts.  In  its  pure 
state,  its  smell  is  intermediate  between  that  of  lavender  and 
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music*    It  is  entirely  soluble  in  alcohol,  but  iasoluble  in    Cb4f.  L 
water. 


[4to]  Animi.'^This  resin  is  obtained  from  the  hymenca  4-  Aoim^. 
courbanl,  or  locust  tree,  a  native  plant  of  North  America* 
It  resembles  very  much  copal,  and  is  said  to  be  frequently 
employed  in  making  varnishes*    It  is  easily  distinguished 
firom  copal  by  its  ready  solubility  in  alcohol* 

[5*]  CopaL — This  resinous  substance  is  said  to  be  obtained  5.Co|mI  ob- 
firom  the  thus  copaUtnum^  a  native  tree  of  North  America*  J^"^uJ®"* 
The  best  kind  of  copal  comes  from  Spanish  America*  It  is  eopaiUniun. 
a  beautiful  white  substance  with  a  slight  tint  of  brown*  It  is 
frequendy  opaque,  but  sometimes  perfecdy  transparent*    It 
agrees  with  the  other  resins  in  its  fusibility  by  heat,  its  so- 
lubiUty  in  alkiiine  salifiable  bases,  and  in  the  changes  pro- 
duced upon  it  by  the  action  of  nitric  acid.    On  the  other 
liand,  it  differs  nrom  them,  in  not  being  soluble  in  alcohol  or 
oil  of  turpentine  without  peculiar  management,  and  in  not 
being  so  readily  soluble  in  the  fixed  oils* 

When  a  solution  of  copal  in  some  vola.ile  liquid  is  spread  Fonni  a 
with  a  brush  upon  wood,  metal,  paper,  &c.  after  the  volatile  JJSsh^ 
menstruum  has  evaporated,  there  remains  upon  these  bodies 
a  thin  layer  of  copsd  perfecdy  transparent*  It  is  in  this  way, 
diat  copal  is  prepared  for  a  varnish,  and  it  certainly  consti- 
tutes the  most  beautiful  application  of  this  kind  known* 
The  menstrua  for  copal,  which  are  most  generally  employed, 
are  oil  of  turpentine,  linseed  oil,  or  a  mixture  of  these 
liquids* 

[6*1  Z^rc— This  substance  has  already  been  noticed,  when  6.  Lae,  the 
describing  the  laccic  acid.  It  is  formed  upon  the  twigs  of  |^^^^°^  •** 
different  trees,  which  grow  in  the  East  Indies,  and  consti- 
tutes the  nidus  of  an  insect  called  chremes  lacca*  In  com- 
merce, it  is  distinguished  into  different  kinds*  When  en- 
crusting small  twigs,  it  is  of  a  red  colour,  and  is  called  stick- 
lac*  When  boiled  in  water,  it  loses  its  red  colour,  and  is  then 
called  seed-lac*  When  melted  and  formed  into  a  thin  crust, 
it  is  called  shell-lac*  The  two  last  mentioned  kinds  are 
brown*  By  an  analysis  of  Hatchett,  it  appears,  that  these 
substances  are  composed  principally  of  resin;  stick-lac  con- 
taining 68  per  cent*,  seed-lac  88  per  cent*,  and  shell-lac  91 
per  cent,  of  resin.  The  other  constituents  are  colouring  mat- 
ter having  the  properties  of  extractive,  wax  resembling  mjrr- 
tle  wax,  and  gluten,  analogous  to  that  furnished  by  wheat. 

Lac  is  applied  to  several  uses  in  the  arts*  It  is  dissolved  Usei  of  lac 
by  a  solution  of  subborate  of  soda  (borax.)  When  the  solu- 
tion is  made  of  one  hundred  grains  of  lac,  in  four  ounces  of 
water  containing  twenty  grains  of  this  salt,  and  then  mixed 
with  lampblack,  it  constitutes  Indian  ink.  Melted  with  dif- 
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PiLET  IL  ferent  proportions  of  turpentine,  and  ivory  black  or  vermi- 
J^^^ILiL-lion,  it  constitutes  black  or  red  sealing  wax*    It  forms  also 

the  basis  of  many  varnishes  and  lackers* 
7.  Amberii  [^*]  Amber.'^This  substance  possesses  most  of  the  pro- 
of TcgeuUe  pcrties  of  a  resin,  and  may,  without  impropriety,  be  placed 
^'"^  among  these  bodies.  It  is  undoubtedly  of  vegetable  origin. 
It  is  iound  in  diflferent  countries,  but  most  abundantly  in 
Prussia,  on  the  sea  shore,  or  under  the  earth  at  the  depth 
lu  proper- of /about  one  hundred  feet,  resting  on  wood  coaL  It  is  a 
^^'  light,  brittle,  hard  substance,  sometimes  perfectly  transpa- 

rent and  nearly  colourless,  but  commonly  semi-transparent, 
and  yellow  or  deep  brown.  It  has  considerable  lustre,  and 
is  susceptible  of  polish.  It  breaks  with  a  glassy  fracture.  It 
is  tasteless,  and  without  smell  unless  whqp  pounded  or 
heated.  It  may  be  melted,  but  it  always  loses  weight  in  this 
operation.  In  a  strong  heat,  it  bums  and  leaves  a  small  por- 
tion of  ashes.  It  does  not  dissolve  in  water,  and  is  but  spa- 
ringly soluble  in  alcohol.  Nitric  acid  produces  the  same 
changes  on  it  as  upon  resins  in  general. 


SECTION  VI. 

OP  GUAIACUM. 

Gaaiaoam,  1.  This  substance  is  obtained  from  a  native  tree  of  the 
ft^m'ITtree  ^^*^  Indies,  called  by  botanists,  guaiacum  officinale.  It  ex- 
of  the  West  udcs  spontaneously,  but  is  generally  forced  out  artificially, 
Indies.  by  heating  one  extremity  of  billets  of  the  wood,  bored  lon- 
gitudinally. The  guaiacum  is  thereby  melted|  and  runs  out 
of  the  other  extremity. 

m 

Its  proper-      2.  Guaiacum  is  a  solid  substance,  having  considerable 
^•*'**»  resemblance  to  a  resin-    Its  colour  is  not  uniform,  but  dif- 

ferent portions  of  it  are  reddish,  brownish,  or  greenish.  It 
is  somewhat  transparent,  and  breaks  with  a  vitreous  frac- 
ture. When  pounded,  it  emits  a  pleasant  odour,  and  although 
it  possesses  scarcely  any  taste,  yet  it  produces  a  burning 
sensation  in  the  throat.  When  heated,  it  melts  and  exhales 
a  peculiar  odour.  It  was  confounded  with  the  resins,  until 
Hatchett  observed,  that  its  products  by  the  action  of  nitric 
acid  were  not  those  of  a  resin.  This  chemist  ascertained, 
that  no  tannin  was  formed  by  nitric  acid  on  guaiacum;  but 
a  large  quantity  of  oxalic  acid.  This  circumstance  is  suffi- 
cient to  distinguish  guaiacum  from  the  resins. 
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SECTION  VII.  

OF  BALSAMS. 

1*  The  term  balsam  was  originally  applied  to  all  thick  Term  b&i- 
liqiuda,  possessing  a  strong  and  fragrant  smell.  Its  oaean-|||^'|^j^|V^. 
ing  was  afterwards  restricted  by  chemists  to  resinous-like  meMiiogi. 
sabstances,  which  yield  benzoic  acid  when  exposed  to  heat. 
Id  this  latter  sense,  the  term  balsam  will  be  taken  here. 

S*  It  has  generally  been  supposed  by  chemists,  that  the 
benzoic  acid,  which  the  balsams  vield  by  heat,  exists  in 
them  ready  formed;  bat  Hatchett  has  rendered  it  probable, 
Aat  it  is  produced  during  its  separation.    By  the  definition  BalMmi  dU 
given  of  the  balsams,  it  is  obvious  that  they  may  exist  either  |?^^^"^ 
in  the  liquid  or  solid  form;  and  accordingly  Dr.  Thomson  solid  (mU- 
his  dividied  them  into  liquid  and  solid  balsams.  ^^*' 

3.  The  liquid  balsams  at  present  known  are  the  balsams  Liqaid  b«l- 
of  Gilead  (opobalsamum),  of  copaiva,  of  Tolu,  of  Peru,  and  •*»••«* 
of  atyrax.   These  substances  will  be  noticed  in  the  order 
in  which  they  have  been  named. 

[1.]  Babam  of  Gi/pdu/.— -This  balsam  is  the  product  of  i.  Baittm 
the  amyris  gileadensis,  a  tree  which  grows  in  Arabia.  It^^***^- 
is  held  in  high  estimation  by  the  Turks;  and  from  itsscarci- 
ty^  and  the  difficulty  of  procuring  it  genuine,  very  little  is 
known  respecting  its  propertie<i. 

[2.]  Balsam  of  Coparoa. — ^This  balsam  is  obtained  by  in-  2-  BaiMm 
ctsion  from  a  tree,  which  grows  in  South  America  and  the  ®®P"^*- 
West  Indies,  called  by  botanists  copaifera  officinalis.  It  is 
a  transparent  liquid,  of  a  yellow  colour,  possessing  an  agree- 
able smell  and  pungent  taste.  It  is  not  known  to  yield  ben- 
zoic acid;  hence  in  strict  propriety  it  ought  not  to  be  class- 
ed among  the  balsams. 

[3.1  Balsam  of  ToA/.— This  balsam  is  obtained  by  inci-  s.  Balsam 
sion  nrom  the  toluifera  balsamea,  a  tree  of  South  America.  ^' 
It  occurs  in  commerce,  contained  in  small  gourd  shells.  It 
has  a  reddish-brown  colour,  and  a  thick  tenacious  consis- 
tence. When  exposed  to  the  air,  however,  it  becomes  hard 
and  brittle.  It  has  a  fragrant  smell.  When  distilled,  it 
yields  benzoic  acid* 

[4.]  Balsam  o/*/'er{/.— This  balsam  is  obtained  from  the  4.  Balsam 
moroxylon  peruifcrum,  a  tree  which  grows  in  South  Ame-  ^^  **®™* 
rica,  by  boiling  the  twigs  in  water.    It  has  the  consistency 
of  honey.  It  possesses  a  brown  colour,  an  agreeable  smell 
and  an  acrid  taste. 

[5.]  Balsam  ofStyrax.'-^This  is  the  product  of  the  liquid-  5.  Balsam 
ambar  styraciflua,  a  tree  which  grows  in  Virginia,  Mexico,  °^^^""' 
and  other  parts  of  North  America.  It  is  obtained  by  boil- 
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Part  il  iDg  the  bark  of  the  tree  in  salt  water  to  the  consistence  of 

BookIL  bird-lime.  It  has  a  greenish  colour,  an  aromatic  taste,  and 

agreeable  smell.  When  treated  with  water,  benzoic  acid  is 

dissolved.  It  is  completely  soluble  in  alcohol,  except  im- 

purities. 

The  solid        4.  The  solid  balsams  are  benzoin,  storax,  and  dragon's 

bAiwmi      blood.  They  will  be  noticed  in  the  following  paragraphs. 

1.  Benzoin.      [^0  -B^^^^^^*— *This  balsam  is  obtained  1^  incision  froat 

the  styrax  benzoe,  a  tree  which  grows  in  Sumatra.  It  is  a 
brittle  substance,  usually  in  the  form  of  ycllowish-wliite 
tears  joined  together  by  a  brownish  matter,  but  aometiaaes 
of  a  brown  colour,  having  some  resemblance  to  common 
rosin.  It  has  very  litde  taste,  but  an  agreeable  smell  when 
heated.  Cold  water  has  very  litde  action  upon  it;  boiling 
water,  however,  dissolves  a  portion  of  benzoic  acid.  Alco- 
hol, by  the  assistance  of  heat,  eflfects  its  solution,  which  has 
a  deep  yellow  colour,  inclining  to  reddish*browD« 

2.  Storax.        [^*]  ^^^rox*.— This  balsam  is  obtained  by  incision  firom 

the  styrax  officinalis,  a  tree  which  grows  in  the  Levant.  It 
also  grows  in  Italy  and  France,  but  the  heat  of  these  oooa- 
tries  is  not  sufficient  to  cause  the  plant  to  yield  the  balsam. 
It  is  obtained  from  the  tree  in  the  form  of  red  tears,  but 
occurs  in  commerce  in  large  masses,  which  are  brittle,  al- 
though soft  to  the  touch,  and  of  a  reddish-brown  co- 
lour. It  is  generally  mixed  with  a  quantity  of  sawdust- 
It  agrees  with  benzoin  in  constituents,  but  contains  a  snud- . 
ler  proportion  of  benzoic  acid. 
r>.  Dragon*!  [s.]  DragOTi^s  Biood.'^ Almost  all  the  dragon's  blood 
blood.  U3^j  Ij^  medicine  comes  from  the  East  Indies,  and  is  the 
produce  principally  of  the  calamus  draco.  It  is  also  furnish- 
ed by  the  pterocarpus  draco,  a  native  tree  of  South  Ame- 
rica, whence  it  was  formerly  frequently  exported  to  Spain. 
It  is  a  brittle,  tasteless,  inodorous  substance,  insoluble  in 
water,  but  almost  entirely  soluble  in  alcohol.  l*he  alcoholic 
solution  is  of  a  fine  deep  red  colour,  and  is  sometimes  used 
to  stain  marble.  It  is  fusible  and  combustible.  By  the  ac- 
tion of  nitric  acid,  it  is  converted  into  benzoic  acid  and 
artificial  tannin. 


SECTION  VIII. 

OP  GUM.RCSINS. 


Character!       1.  The  gum-resins  may  be  distinguished  by  the  follow- 

onthc^  gum-  ing  characters:   ihty  are  solid  and  usually  brittle  substances, 

of  a  fatty  appearance,  and  opaque  or  but  imperfectly  trans- 
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parent*  They  are  not  fusible  as  the  resins  are,  neither  are    Cd ap.  t. 

they  so  combustible*    When  exposed  to  heat,  they  soften  ' 

and  melt.  Almost  all  of  them  luive  a  strong  smell,  and  an 

acrid  uste.    They  are  but  partially  soluble  in  water,  with 

which  they  form  a  permanent  mixture,  always  opaque,  and 

generally  of  a  milky  appearance.    They  form  with  alcohol, 

transparent  solutions,  which  are  rendered  turbid  by  the  ad- 

of  water.  The  strong  acids  convert  most  of  them  into 

and  charcoal.  They  arc  usually  specifically   heavier 

flum  the  resins.  They  have  been  considered  to  be  composed 

off  gom  and  resin;  but  all  their  properties  do  not  accord 

with  SQch  a  supposition.  They  all  contain  a  volatile  oil,  or 

a  tnbatance  intermediate  in  properties  between  an  oil  and  a 

resin*  It  is  to  this  constituent  of  them,  that  their  property 

of  forming  an  opaque  solution  with  water  is  to  be  ascribed. 

The  best  known  of  the  gum-resins  are  the  following:        The  ohief 

[1.]  Galbanum. — ^This  substance  is  the  milky  juice,  hard-  Fwn-w^n* 
CDed  by  exposure  to  the  air,  of  the  root  of  the  bubon  gal-  i.  Gailm- 
haniun,  a  native  plant  of  Africa.    It  is  brought  from  the  <^u^ 
Levant  in  pieces,  composed  of  tears  agglutinated  together, 
which  have  a  yellowish  or  white  colour.  It  has  an  acrid 
and  bitter  taste,  and  a  peculiar  smell.   It  forms  a  milky  so- 
hition  with  water.  It  is  partially  soluble  in  alcohol. 

[8.]  ilmmonf^c.— This  substance,  which  is  brought  from  3.  Ammo- 
the  East  Indies,  is  the  produce  of  an  unknown  plant.  It  is  ''^ 
composed  of  small  pieces  agglutinated  together,  and  has  a 
yellowish  white  colour.  It  has  a  nauseous  sweet  taste,  mix- 
ed with  some  bitterness.  Its  smell  resembles  that  of  galba- 
num, but  is  more  pleasant.  Part  of  it  is  soluble  in  water, 
with  which  it  forms  a  milky  solution.  More  than  half  its 
weight  dissolves  in  alcohol. 

[3.]  .^^«.— This  gum  resin  is  the  inspissated  juice  of  as.  Aioii. 
variety  of  the  aloes  perfoliata,  a  plant  which  grows  in  the 
island  of  Socotora  in  the  East  Indies.  It  has  a  resinous  ap- 
pearance, a  reddish-yellow  colour,  a  bitter  taste,  and  an 
aromatic  smell.  It  has  been  found  by  Braconnot  to  contain 
a  peculiar  principle,  similar  to  that  which  was  detected  by 
Vauquelin  in  the  febrifuge  barks. 

[4.]  Olibanum'^FrankincenseJ)  This  gum-resin  is4.0iii)k< 
brought  from  Arabia  and  India.  That  from  Arabia  is  most  '^*^* 
esteemed.  It  remains  doubtful  what  plant  yields  this  sub- 
stance. It  is  brittle  and  semi-transparent,  has  a  whitish- 
yellow  colour,  and  an  acrid  and  aromatic  taste.  When 
burnt,  it  diflPuses  an  agreeable  odour.  When  heated,  it 
melts  with  difficulty,  but  burns  with  brilliancy,  leaving 
9ome  white  ashes. 
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Pabt  n.       [5.]  Sagapenum^^-li  is  not  certainly  known  what  plmt 
.l2!LiL- yields  this  gum-resin.  The  substance  itself  is  brought  from 

5.  Sagipe-  Alexandria,  and  is  composed  of  tears  agglutinated  together. 

^^^^  It  has  a  yellow  colour,  a  hot  and  bitter  taste,  and  an  allia- 
ceous smell.  It  is  but  sparingly  soluble  in  water,  but  dis- 
solves almost  entirely  in  alcohoL 

6.  AmfiB-       [6«]  Assafmtida.'^^TYAs  is  the  hardened  juice  of  the  root 
tida.  of  the  ferula  assafoRttda^  a  native  plant  of  Persia*  It  occurs 

in  commerce,  in  the  form  of  small  grains  of  difierent  co- 
lours, as  whitish,  reddish,  violet  and  brown*  It  has  an 
acrid  and  bitter  taste,  and  a  strongly  alliaceous  and  fetid 
smelL  It  is  in  part  soluble  both  in  water  and  in  alcdhoL 
7. 8«am-  C^*]  «S'caiftmony*— This  gum-resin  is  the  hardened  jmce 
moDj.  of  the  roots  of  the  convolvulus  scammonia,  a  climbing 
plant  of  Syria.  It  has  a  dark-grey  colour,  a  peculiar  and 
nauseous  smell,  and  an  acrid  and  bitter  taste.  It  Ibrms 
with  water  a  greenish  opaque  solution.  The  greatest  part 
of  it  is  dissolved  by  alcohoL 

8.  Opopo-       [8.]  Opoponax^'^Thh  gum-resin  is  obtained  by  wounding 
"^*  the  rootScof  the  fmstinaca  opoponaz,  a  native  plant  of  the 

countries  surrounding  the  Levant.  It  is  in  lumps  of  a  red- 
dish-yellow colour  on  the  surface,  but  white  within.  It  has 
a  bitter  and  acrid  taste,  and  a  peculiar  smell.  About  one 
half  of  it  dissolves  in  water,  with  which  it  forms  a  milky 
solution.  It  is  acted  upon  but  feebly  by  alcohol. 

9.  Gftin-  [9.]  Gam&o^r.— This  gum-resin  is  the  produce  of  die 
^^^'^         stalagmitis  gambogioides,  a  tree  which  grows  wild  in  Siam 

and  Ceylon.  In  Siam,  it  is  obtained  by  wounding  the  shoots, 
but  in  Ceylon,  it  exudes  from  wounds  in  the  bark.  It  is  in 
the  form  of  yellow  cakes,  which  are  opaque  and  britde, 
and  break  with  a  vitreous  fracture.  It  has  no  smell,  and 
very  little  taste.  It  forms  with  water  a  yellow  turbid  liquid. 
It  is  almost  completely  soluble  in  alcohol. 

10.  Myrrh.      [lO.]  JWyrrA.— It  is  not  ascertained  what  plant  furnishes 

myrrh.  It  is,  however,  known  to  grow  in  Abyssinia  and 
Arabia.  It  is  in  the  form  of  tears,  of  a  reddish-yellow 
colour.  It  has  a  peculiar  smell,  and  an  aromatic  bitter 
taste.  It  forms  with  water  a  yellow  opaque  solution.  The 
alcoholic  solution  becomes  opaque  upon  the  addition  of 
water,  but  no  precipitate  subsides. 
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Cbap.I. 

SECTION  IX. 

OF  CAOUTCHOUC. 
(Commonlj  ealled,  Indian  Rubber,) 

1*  This  peculiar  substaocc  first  came  into  notice  about  Caoutchoac 
the  beginning  of  the  last  century.  Some  account  of  it  was  ^'J^^][^ 
sent,  in  1736,  to  the  French  academy  by  Condamine,  one  Teral  trees. 
of  the  academicians,  who  went  to  South  America  to  measure  of  South 
a  degree  of  the  meridian.  It  is  the  produce  principally  of   ^ 
two  trees  of  South  America;  the  hoevea  caoutchouc  and  the 
jatropha  elastica.   When  these  trees  are  punctured,  they  « 

yield  a  milky  juice,  which,  by  exposure  to  the  air,  lets  fall 
a  concrete  substance.  This  substance  is  caoutchouc. 

2.  Caoutchouc  is  a  soft  and  pliable  substance,  destitute  its  proper- 
of  taste  or  smell,  and  exceedingly  elastic  and  adhesive.  ^^ 
When  perfectly  pure,  it  is  white.  In  its  common  state,  it 

has  a  blackish  colour,  owing  to  the  manner  in  which  it  is 
dried.  This  consists  in  spreading  a  thin  layer  of  the  milky 
juice  over  a  mould  formed  of  clay,  and  tiien  exposing  it  to 
the  action  of  smoke,  which  gives  it  a  thin  coating  of  soot. 
Another  layer  of  the  juice  is  then  applied  and  dried  in  the 
same  way,  and  so  on  for  any  number  of  layers,  until  the 
coat  has  the  requisite  thickness.  Caoutchouc  is  not  altered 
by  exposure  to  the  air.  It  is  perfectly  insoluble  in  water, 
but  if  boiled  for  some  time  in  this  liquid,  it  becomes  some- 
what transparent,  owing  to  the  abstraction  of  the  sooty 
matter,  and  so  soft,  as  that  two  pieces  when  pressed  together 
may  be  welded  into  one.  This  property,  which  it  possesses, 
enables  the  artist  to  form  tubes  of  it  with  facility;  for  if  a 
slip  of  it,  of  uniform  thickness,  be  wound  spirally  round  a 
glass  or  metallic  rod,  so  that  its  edges  touch  accurately, 
and  then  boiled  for  some  time  in  water,  the  whole  will  ag- 
glutinate so  as  to  form  a  tube. 

3.  Caoutchouc  is  insoluble  also  in  alcohol.  Ether,  how-  It  is  insoiu- 
ever,  dissolves  it,  if  it  be  previously  subjected  to  washing;  ^  '^^ 
which  operation  seems  to  act  by  separating  a  portion  ofiaUeia 
alcohol,  and  substituting  for  it  a  small  quantity  of  water.  ^^^'• 
From  this  solution,  the  caoutchouc  may  be  obtained  by 
evaporation  unaltered;  and  hence,  by  taking  advantage  of 

this  menstruum,  it  may  be  formed  into  different  instru« 
ments.  For  common  purposes,  however,  this  solvent  is  too 
expensive  to  be  employed.,  It  is  soluble,  without  alteration 
also,  in  rectified  petroleum.  In  volatile  oils  it  dissolves,  but 
when  obtained  agair  by  evaporation  from  them,  it  is  alter- 
ed in  its  properties;  being  rendered  glutinous,  and  conse- 
quently unfit  for  most  of  the  uses  to  which  it  is  applied. 
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Pabt  il      4.  Dr.  Thomson  has  found,  contrary  to  what  was  farineriy 

^^^  ^^'  supposed,  that  caoutchouc  combines  with  some  of  the  alka- 

It  itMiubieline  salifiable  bases.  This  chemist  accidentally  discovered^ 

^'^  '"^  M  ^^'^^  making  some  experiments,  that  ammoniacal  i^as  wai 

•^or  to-  absorbed  when  contained  in  a  bottle  of  this  substance*  It 

^^  was  at  the  same  time  ascertained,  that  if  the  caoutchouc 

was  allowed  to  absorb  successive  portions  of  the  gas,  it  lost 

its  elasticity,  and  became  soft  and  glutinous.   Dr.  Thomson 

afterwards  found,  that  both  potash  and  soda  dissolved  a 

small  portion  of  caoutchouc,  producing  the  same  chang^es* 

5.  Sulphuric  acid,  after  long  digestion,  chars  caoutchouc 
superficially,  but  there  is  no  trace  of  artificial  tannin  form- 
ed. When  treated  with  niiric  acid,  it  yields  azotic  s^as, 
carbonic  acid  gas,  and  hvdrocyanic  acid  gas*  Hydrochloric 
acid  has  no  action  upon  it. 

6.  When  eicposed  to  heat,  it  readily  melts;  whereby  it  b 
changed  in  its  properties,  having  alwajrs  afterwards  the 
consistence  of  tar.  When  heated  sufficiently,  it  bums  with  a 
bright  flame  emitting  a  fetid  odour. 

Cooitiin.        ^-  Caoutchouc  is  composed  of  carbon,  hydrogen,  azote 
eo^ofn-  and  ox>'gcn,  but  combined  in  what  proportion  is  not  known* 


FOURTH    SET. 

SUBSTAJ^ES,  IJ^OLUBLE  IJ\r  WJtTER,  ALCOHOL  OB 
ETHER,  JiJ^D  BAVIJW  A  FIBROUS  TEXTURE, 

SECTION  I. 

OF  COTTON. 

Cotton,  ob-  !•  Cotton  is  the  soft  down,  which  envelopes  the  seeds 
uincd  from  of  various  plants,  especially  several  species  of  gossypium, 
des^of  '^  ^^^  genus  which  furnishes  the  cotton  of  commerce.  Very 
plants.  little  is  known  respecting  the  chemical  nature  of  cotton, 
but  sufficient  has  been  ascertained  to  demonstrate  its  pecu- 
liar nature, 
lu  proper-  2.  Cotton  is  a  substance,  composed  of  very  fine  fibres, 
ties.  possessing  neither  taste  nor  smell.  It  is  somewhat  different 

in  its  colour,  according  to  the  variety  of  the  plant  from 
which  it  is  obtained,  but  is  capable  of  being  rendered  of  a 
beautiful  white  by  bleaching.  It  is  completely  insoluble  in 
water,  alcohol,  ether,  the  oils,  and  all  the  vegetable  acids. 
In  diluted  solutions  of  potash  or  of  soda,  it  is  insoluble; 
but  these  solutions,  when  concentrated  and  assisted  by  heat, 
dissolve  it.  It  is  capable  of  combining  with  oxide  of  iroi^ 
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ind  oxide  of  tin,  when  dipped  into  solutions  of  these  me-   Cbaf.  i. 
tds.  It  combines  also  with  tannin,  when  immersed  in  an  in-  "'"'*'''*** 
fiukm  of  nut-galls,  or  other  astringent  vegetable  substance. 
HcDce  the  use  of  sdl  these  substances  in  dyeing. 

3*  Nitric  acid,  when  assisted  by  heat,  converts  cotton 
Sdco  oxalic  acid.  Sulphuric  acid  developes  charcoal.  Chlo» 
rine,  if  not  too  much  concentrated,  bleaches  it* 


SECTION  II. 

OF  SUBER. 

1.  Common  cork,  the  outer  bark  of  the  quercus  suber.  Saber  or 
baa  been  ascertained  to  possess  peculiar  chemical  proper-  ^[^^2^. 
tiea,  and  suber  is  the  name  by  which  chemists  distinguish  it.  table  lob- 

S.  Suber  is  a  light,  soft,  elastic  substance,  which  bums  >t^««- 
with  a  bright  white  flame,  leaving  a  black  bulky  charcoal. 
When  distilled,  it  yields  ammonia*  By  the  action  of  sul- 
phuric acid,  it  is  converted  into  charcoal;  apd  by  nitric  acid, 
into  suberic  acid,  a  substance .  resembling  wax,  artificial 
tanoin^  and  a  kind  of  starchy  matter* 


SECTION  III. 

OF  MEDULLIN. 

1.  Dr.  Jobn  gives  this  name  to  the  pith  of  the  helianthus  MedoiUo, 
annuus  (sun-flower),  of  the   cyringa  vulgaris,  and  some  ^^^JJ^ 
other  plants.  It  is  found  to  be  a  peculiar  substance,  pos-pithoTtefe* 
aessing  the  following  properties.  "•  plants. 

2.  It  is  inodorous  and  tasteless,  and  insoluble  in  water, 
ether,  alcohol,  and  the  oik.  It  has  a  peculiar  porous  struc- 
ture. It  forms  oxalic  acid,  but  no  suberic  acid,  by  the  action 
of  nitric  acid.  By  distillation,  it  yields  ammonia,  and  the 
residuum  is  a  charcoal,  which  has  a  metallic  appearance  and 
some  resemblance  in  colour  to  bronze. 


SECTION  IV. 

OF  UGNIN. 


1.  If  the  vegetable  substance,  commonly  called  wood,  be  lignin; 
well  dried,  and  then  digested  first  in  water,  and  afterwards  ^<**««^ 
in  alcohol,  until  every  thing  soluble  in  these  liquids  is 
taken  up,  what  remains  will  be  lignin  or  woody  fibre. 

3T 
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Pabt  If.      2.  It  is  compoBcd  of  longitudinal  fibres,  somewhat  trans- 
^^^  ^-  parent,  and  destitute  of  taste  or  smell.  It  is  insoluble  in 
lu  proper-  water  or  in  alcohol.  Solutions  of  potash  or  of  soda,  when 
^^  assisted   by  heat,   decompose  it,   rendering  it   soft,   and 

changing  its  colour  to  a  deep  brown.  Weak  solutions  of 
the  same  alkaline  bases  dissolve  it,  and  it  may  be  thrown 
down  from  them  unaltered  by  means  of  an  acid.  When  ex* 
posed  to  heat,  it  blackens  without  melting  or  frothing,  ex- 
hales an  acrid  fume,  and  leaves  a  charcoal  exactly  the  shape 
of  the  lignin  employed.  When  distilled,  it  yields  an  acid 
liquor,  formerly  considered  peculiar  under  the  name  of  the 
pyrolignous  acid,  but  which  is  ascertained  by  Fourcroy  and 
Vauquelin  to  be  the  acetic  acid,  combined  with  empyreu- 
matic  oil.  By  means  of  some  substance,  which  Dr.  Thom- 
son considers  to  be  animal  charcoal,  the  empyreumatic  oil 
may  be  separated,  and  very  good  vinegar  obtained  from 
this  acid  liquor.  Vinegar  is  in  this  way  manufactured  both 
in  Britain  and  France, 
itieompo-  3.  According  to  Gay-Lussac  and  Thenard,  lignin  4rom 
"^"^         the  oak  is  composed  of 

Oxygen  41-78 

Carbon  52*53 

Hydrogen  5*69 

10(K)0 
4.  It  has  been  found,  that  tb^  lignin  of  all  the  vegetables 
yet  examined  is  very  nearly  the  same.  When  wood  is  burnt 
with  a  smothered  flame,  a  quantity  of  charcoal  is  formed, 
and  this  is  entirely  evolved  from  the  lignin.  Hence  then  the 
quantity  of  charcoal,  which  different  woods  yield,  will  indi- 
cate the  proportion  of  their  lignin. 


ntiOD. 


SECTION   V. 

OF  FUNGIN. 

how^'b*  •        V  Braconnot  has  given  this   name  to  the  substance, 
ed!*  ^  """'  which  remains  after  the  mushroom  has  been  deprived  of 

every  thing  soluble  either  in  water  or  alcohol. 
lu  proper-      2.  It  is  a  soft,  white,  insipid  substance,  possessing  but 
^*^*-  little  elasticity.  It  is  insoluble  in  water,  alcohol,  ether,  and 

the  oils.  Solutions  of  potash  or  of  soda,  when  diluted,  have 
but  little  action  upon  it;  but  when  concentrated  and  assisted 
by  heat,  they  dissolve  it,  so  as  to  form  a  saponaceous  liquid, 
from  which  it  may  be  precipitated  again  by  acids. 
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Chaf.L 
FIFTH  SET.  """^^ 

SUBSTAJWES^  FOUJ^D  LY  PLAJ^TTS^  WBICH  BELOJ^TG  RA- 
TMEB  TO  THE  MlJ^TEhAJ.  TBAJ^  VEOETABLE  XUSTGDOM. 

SECTION   I. 
CHLORIDES  AS  FOREIGN  INGREDIENTS. 

The  chlorides  which  have  been  found  in  plants  are  the  SeTeni 
chlorides  of  potassium  (muriate  of  potash),  of  sodium,  (com-  ^*°^** 
mon  salt),  and  of  magnesium  (muriate  of  magnesia).  Chio-  foQod  i 
ride  of  potassium  is  usually  a  constituent  in  vegetable  ashes.  plAott. 
Chloride  of  sodium  is  present  in  all  plants,  which  vegetate 
on  the  sea  or  near  the  sea  shore.  Chloride  of  magnesium 
has  been  detected  in  some  of  the  fuci,  and  will  not  improba- 
bly be  found  as  a  constituent  in  most  marine  plants. 


m 


SECTION    II. 

ACIDS  AS  FOREIGN  INGREDIENTS. 

The  foreign  acids  found  in  plants  are  the  sulphuric,  ni-u,(^f^ 
trie,  carbonic  and  phosphoric  acids.  They  are  usually  com-  reign  acids 
bined  with  bases  in  the  form  of  salts.    Unitt- d  with  lime,  SjInJ^"* 
sulphuric  acid  exists  in  clover.  Nitric  acid  has  been  found, 
combined  with  potash  in  the  sun-flower,  and  with  soda,  in 
barley*  Carbonic  acid,  combined  with  potash,  is  found  in  the 
ashes  of  almost  all  vegetables.  Phosphoric  acid  exists  in  a 
free  state  in  the  onion;  it  is  present,  in  union  with  lime,  in 
all  kinds  of  grain,  and  combined  widi  potash  in  barley. 


SECTION  III. 

SALIFIABLE  BASES  AS  FOREIGN  INGREDIENTS. 

The  salifiable  bases  heretofore  found  in  plants  are  potash.  Salifiable 
soda,  lime,  magnesia,  alumina,  silica,  oxidized  iron,  and  bases  found 
oxidized  manganese.  ^^""^ 

I.  Poush  is  a  constituent  of  almost  all  vegetables,  which  ^  pomgii, 
grow  at  a  distance  from  the  sea.  Vauquclin  has  made  it  pro- 
bable, that  it  exists  in  them  combined  either  with  acetic  or 
carbonic  acid.  It  is  obtained  by  burning  plants,  which  dis- 
sipates every  thing  but  their  alkaline  and  earthy  constitu- 
ents. The  residuum  is  called  the  ashes,  from  which  the  pot- 
ash may  be  obtained  by  lixiviation;  it  being  soluble  while 
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Pabt  II.  the  Other  bases  are  nou   It  may  be  obtuned  from  aomfr 
^^^'  ^'-   plants,  without  the  aid  of  incioeratioo,  as  has  been  latdj 
ascertained  by  Peschier  of  Geneva.   The  plan,  which  this 
chemist  pursues,  is  to  treat  the  expressed  juice  or  decoc- 
tion of  any  plant  with  magnesia*  This  salifiable  base  forma 
insoluble  salts  with  the  acids,  whether  free  or  in  a  state  of 
combination,  which  usually  occur  in  vegetables.    It  conse- 
quently happens,  in  common  cases,  that  the  magnesia  sepa- 
rates all  the  acids  present  in  these  liquids,  and  faUs  in  the 
form  of  an  insoluble  powder.  By  this  mode  of  proceeding, 
Peschier  obtained  liquids,  having  all  the  properties  of  a  so- 
lution of  carbonate  of  potash.  This  plan,  however,  will  not 
succeed,  in  case  the  potash  exists  in  the  state  of  nitrate  or 
of  sulphate;  as  neither  of  these  salts    are  decomposed  by 
magnesia** 
The  anan-       The  following  table  indicates  the  quantity  of  ashes  and 
^  «•»!»«•  of  potash,  yielded  by  100  parts  of  several  plants. 

ash  furnish- 

edbytcTe-         Fumitory 

rtijegeu-  Wormwood 

Common  netde      •     •     •     • 

Beans  with  their  stalks    •     . 

Stalks  of  turkey  wheat    •     « 

Oak 

Poplar    •••'••.. 

Fir     .......     . 

By  the  above  table,  it  is  perceived  how  small  a  quantity 
per  cent,  different  plants  yield  of  ashes  and  of  potash.  The 
fumitory  yielded  nearly  8  per  cent,  of  potash,  while  the 
oak  afforded  only  1^  per  cent,  of  ashes,  and  one  and  a 
half  parts  only  in  the  1000  of  potash.  By  the  above  table 
also,  it  is  seen,  that  the  quantity  of  potash,  which  a  plant 
contains,  bears  no  certain  ratio  to  the  ashes  which  may  be 
formed  from  it  during  combustion;  and  this  arises  from  the 
circumstance,  that  the  ashes  contain  variable  quantities  of 
other  substances*  Besides  carbonate  of  potash,  (the  state  in 
which  potash  is  obtained  by  incineration  from  vegetables), 
there  exists  usually  in  them  the  following  compounds; 
namely,  sulphate  of  potash,  sulphate  of  lime,  phosphate  of 
lime,  and  chloride  of  potassium. 
2.  Soda.  II.  Soda  may  be  obtained  from  almost  all  the   plants 

which  grow  in  the  sea,  or  on  the  sea  shore;  and  it  is  from 
different  species  of  the  salsola,  a  genus  of  plants  of  this  kind, 
that  a  large  proportion  of  the  soda  of  commerce  is  extract- 
ed. Plants  which  yield  soda,  as  a  general  rule,  contain  a 
larger  proportional  quantity  of  this  alkaline  base,  than  other 

*  Annals  of  Phiiosophji  zii.  336. 


Athet. 

Pocarii. 

21*9    .      . 

.   .  r*9 

9*r  .    . 

.      .    7^3 

10-6    .      , 

.     .    2-5 

^■"   • 

.      .    2 

8*8  .     . 

.      .    U7S 

1-3  .     , 

.     .  0-15 

1-2  .     , 

.    .  0-or 

0-34    . 
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vegetables  do  of  potash.   Thus  the  salsola  soda  furnishes    Chap.  i. 
Teiy  nearly  20  per  cent,  of  ashes,  and  nearly  2  per  cent,  of"  ^ 


III.  Lime  is  contained  in  larger  or  smaller  quantity  ins. Lime. 
every  plant,  which  has  hitherto  been  examined,  except  the 
aalsola  soda.    It  has  already  been  stated,  that  it  exists  in 
ibem  frequently  combined  with  sulphuric  or  phosphoric 
acid. 

IV.  Magnesia  does  not  exist  so  generally  in  vegetables  as  4.  Bfagn^ 
luoe.  It  has  been  discovered  in  several  sea  plants,  especially  *■*- 

she  fud.  Vauquelin  found  that  the  salsola  soda  contains 
nearly  18  per  cent,  of  magnesia. 

V.  Alumina  has  been  found  in  plants  in  but  very  smalls.Aiamina. 
quantities. 

VI.  Silica  exists  in  many  plants,   but   particularly  in6.sniea. 
grasses  and  equisetums.  Sir  H.  Davy  has  ascertained,  that 

it  forms  a  part  of  the  outermost  bark  of  these  plants.  This 
chemist  found,  that  the  epidermis  of  the  bonnet  cane  yielded 
90  per  cent,  of  silica;  that  of  the  bamboo  71  per  cent.;  that 
of  the  common  reed  48  per  cent,  and  that  of  the  stalks  of 
com  6^  per  cent.  The  concretions  sometimes  found  in  the 
bamboo  cane,  and  called  tabasheer,  have  been  ascertained 
to  be  composed  of  silica,  sometimes  associated  with  potash. 

VII.  Oxidized  iron  has  been  found  in  considerable  quan-  7.  Oxidized 
tities  in  the  ashes  of  the  salsola  soda.    It  has  also  been  de-  '"^' 
tected  in  linen  and  cotton  cloths.    It  has  been  discovered  in 

many  other  vegetable  substances. 

VIII.  Oxidized  manganese  was  first  detected  in  vegeta-  8.  Oxidized 
bles  by  Scheele.  It  has  been  found  by  Proust  in  the  ashes  ""Dganei*. 
of  the  pine,  of  the  vine,  the  green  oak,  and  the  fig-tree. 

The  following  table  gives  the  quantity  in  grains  of  the 
six  last  mentioned  salifiable  bases  (the  lime  and  magnesia  in 
die  state  of  carbonates),  contained  in  thirty-two  ounces  of 
the  seeds  of  wheat,  of  rye,  of  barley,  of  oats,  and  in  the 
same  quantity  of  rye  straw,  as  ascertained  by  the  experi- 
ments of  Schroeder. 


Rye 

Biibgiaiieet  prefcnt. 

Wheat. 

Rya. 

Bufey. 

Oatt. 

Stmw. 

Carboimte  of  linie. 

1S6 

13*4 

£4*8 

33-75 

46-2 

CarboDftte  of  magnoia. 

134 

14S 

S5-3 

33-9 

28-2 

AlainiDa« 

•6 

1-4 

4-2 

4-5 

3-2 

Silica. 

13*S 

15.6 

66-7 

144-2 

152 

Oxidized  iron. 

a-5 

•9 

3-8 

4-5 

24 

Oxidized  manganese. 

5*0 

3-S 

6-7 

6-95 

6-8 

47-3 

48-7 

131-5 

227-8 

238-8 
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CHAPTER  11. 


OF  THE  ULTDIATE  CONSTITUENTS  OP  TEOETABLBS. 

Ultimate  ^^^  consideration  of  the  proximmte  constituents  of  rm* 
eonititu-  tables  is  now  finished*  But  these  constituents  may  be  refer- 
^^J^^'red  to  certain  ultimate  constituents,  or,  to  speak  more  cor- 
'^"^  rectly,  to  substances  as  yet  undecompounded.  It  is  dbe  ob- 
ject of  the  present  chapter  to  notice  them. 

The  following  statement  gives  a  view  of  the  whole  of  the 
ultimate  constituents  of  vegetables,  and  the  states  of  com- 
bination in  which  they  occur. 

ri. OXYGEN.  UywncoM^MmfimmUn^Saa^ 


SUPPOR* 
TERS 


8.  CHLORINE. 


IODINE. 


rCombfaied  with  PMurfnm.  Sodm 
<  and  BiBgDOriaiB,  liarmbf  ihlt- 
^     ridet. 

CCombined  with  Hydrnm,  a  tte 
{    form  of  hydriodie  mm. 


TIBLES,     J 


{ 


In  firioiit  itatet  of  oomluBBtioo. 


fVMBUSTJ- 
BLES. 


r  I.  HYDROGEN. 
8.  CARBON. 

3.  PHOSPHORUS. 

4.  SULPHUR. 

5.  POTASSIUM. 

6.  SODIUM. 

7.  CALCIUM. 

8.  MAGNESIUM. 

9.  ALUMINUM. 

10.  SILICUM. 

11.  IRON. 

12.  MANGANESE. 


In  nutooi  itatOB  of  eombiiiition. 

In  Tariooi  itatea  of  combioatMB. 

5  Combbiod  with  Oijgen,  fbrabf 
\     phoBpborie  add. 

C  Combined  with  Oxygen,  forming 
\      sulphuric  acid. 

C  Combined    with    Ozrgen   forming 

<  potash,  and  with  Chlorine  form- 
^     mg  chloride  of  |K>Uissittm. 

C  Combined  with    Oxygen    fomiing 

<  soda,  Mnd  with  Chlorine  formiDC 
/     chloride  of  sodium  (common  salt) 

Combined  with  Oxygen^  forming 
lime. 

Combined  with  Oxjtfcn  forming 
magnesia,  and  with  Chlorine  form- 
ing chloride  of  magnesium. 

Combined   with  Oxygen,  formmg 
alumina. 

C  Combined  with  Oxygen,  forming 
\      atlioa. 

C  Combined  with  Oxygen,  forming 
^     oxidized  iron. 

Combined  with  Oxygen,  forming: 
oxidised  maoganevc. 


{ 


TEGETABLE  ULTIlfATE  CONSTITUENTS.  5|Q 

These  ultimate  constituents  occur  in  very  different  quan-  Chap,  ii. 
titles  in  plants.  The  great  bulk  of  them  is  composed  of  one  The  great 
supporter,  oxygen,  and  two  combustibles,  hydrogen  and  car-^i^ofTe- 
bcm.  In  some  vegetable  substances,  azote  is  associated  with  S^mp<Med 
die  three  substances  already  named;  and  where  it  is  present,  of  oxygen, 
*k  occurs  next  in  amount  to  them.   The  remaining  ultimate  ^^"2^!^^. 
constituents,  comprising  two  supporters  and  ten  combusti- 
VtBy  occur  in  comparatively  very  small  quantities. 
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ANIMAL  CHEMISTRY. 

« 

PartIL      This  portion  of  the  subject  will  be  treated  of  in  five 
BooKiiL  chaptei^.    Chapter  I  will  embrace  the  consideration  of  the 
^"^"'wr  constituents  of  animals,  as  far  as  they  have  been  discover- 
trmuddr  cd  by  the  researches  of  chemists.    Chapter  II  will  have  for 
in  five        its  title  the  analysis  of  animal  substances,  and  will  give  in 
«*»pt«n.    ^^^i  the  composition  of  the  organized  paru,  and  the  pro- 
ducts of  the  human  body*    In  Chapter  III,  reflections  will 
be  entered  into  upon  the  chemical  constitution  of  the  human 
body.    In  Chapter  IV,  those  animal  functions  which  are 
elucidated  by  chemistry  will  be  briefly  noticed.   In  Chap- 
ter V,  the  chemical  changes  which  take  place  in  animak 
after  death  will  be  described. 


CHAPTER  I. 

OP  ANIMAL  CONSTFTUENTS. 

Proximate       Th£  proximate  constituents  of  animals  may  be  aijanged 
oonstitu-     under  the  following  heads: 

enU  of  ani- 
mals ena-               1.  Gelatin.  9.  Saccharine  matters, 
mcratcd.                2.  Albamen.  10.  Cantharidin. 

d.  Fibrin.  11    Cochenilin. 

4.  Colourirg  matter  of  the  blood.     12.  Oil*. 

5.  Mucoa.  13    Resint. 

6.  Otmazome.  14.  Compoond  sabetanoes,  alreadj  de* 

7.  Picromel.  scribed  in  the  first  part  of  this  work, 
S.  Urea.  as  animal  constitaents. 

All  the  substances,  included  in  the  above  enumeration, 
except  cantharidin,  cochenilin  and  the  resins,  are  consti- 
tuents of  the  human  body.  They  will  be  noticed  in  the  or- 
der in  which  they  have  been  named,  in  the  following  sec- 
tions. 

SECTION  I. 

OF  GELATIN. 

Gelatin  ex-  !•  Gelatin  forms  an  essential  constituent  in  bone,  liga- 
ists  in  seTe- ment,  tendon,  membrane,  and  in  several  other  parts  of  ani- 
ffuManccs.  ^^Is.  It  exists  in  great  abundance  in  the  hide  of  the  ox^ 
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from  which  it  may  be  extracted  by  the  foUowing  process^  CgA>.t 
Take  a  portion  of  the  hide,  and,  after  having  separated  the  p         ^. 
hair  and  other  impurities,  wash  it  with  cold  water,  ontil  eitnoUnr 
this  liquid  ceases  to  abstract  an;^  thing.  Then  boil  it  in  wa*  |^.  ^^ni  th» 
ter  for  some  time,  and  evaporate  the  decAtion,  until  reduced  ^^ 
to  a  small  quantity.  The  concentrated  decoction,  upon  cool- 
ing, assumes  a  solid  form  and  a  tremulous  consistency,  and 
is  the  same  with  the  animal  jelly,  used  sometimes  as  jfood. 
It  is  called  by  chemists  gelatin.  If  the  tremulous  gelatin  be 
evaporated  to  dryness^  by  exposure  to  air,  it  becomes  hard 
and  scmitransparent,  and  breaks  with  the  glassy  fracture. 
In  this  state,  it  is  called  dr}-  gelatin,  and  is  the  same  sub- 
stance, which  is  so  frequendy  employed  in  the  arts  under 
the  name  of  glue. 

2.  When  perfectly  pure,  gelatin  is  colourless.  It  is  desti-  PropertiM 
tute  of  taste  or  smell.  In  the  dry  form,  it  does  not  dissolve  of  ««*•*»• 
readily,  but  swells  and  forms  a  soft  mass;  but  in  the  tremu- 
lous state,  it  is  completely  soluble,  if  mixed  and  shaken  with 
water  soon  after  it  has  gelatinized.  It  is  soluble  in  hot 
water,  and  forms  an  opal-coloured  solution.  When  made  by 
dissolving  one  part  of^  gelatin  in  one  hundred  parts  of  hot 
water,  the  solution  assumes  the  tremulous  form,  upon 
cooling. 

3.  Dry  gelatin  undergoes  no  change  by  exposure  to  thcEfreotiof 
atmosphere;  but  tremulous  gelatin,  or  gelatin  in  solution,  ^^^  *S^^ 
very  soon  undergoes  the  putrefactive  process.    When  in  a 

dry  state,  if  it  be  exposed  to  heat,  it  first  whitens  and 
curls  up  like  horn,  then  blackens,  and  is  gradually  converted 
into  charcoal.  Tremulous  gelatin,  under  similar  circumstan- 
ces, first  melts,  and  afterwards  becomes  black. 

4.  When  nitric  acid  is  digested  upon  gelatin,  it  is  pardy 
dissolved,  and  pardy  converted  into  oxalic  and  malic  acids, 
and  an  oily  matter  which  appears  on  the  surface  of  the  liquid/ 
Hydrochloric  (muriatic)  acid  dissolves  it  readily,  and  forms 
a  brown-coloured  acid  solution,  which  gradually  lets  fall  a 
white  powder.  With  sulphuric  acid,  it  forms  a  brown  solu-  ^ 
tion,  which  gradually  deepens  in  colour. 

5.  Solutions  of  potash  or  soda  dissolve  gelatin  readily. 
The  compounds  formed  do  not  possess  the  properties  of  soap. 

6.  Gelatin  is  insoluble  in  alcohol;  and  when  this  liquid  is 
added  to  a  solution  of  gelatin,  the  latter  becomes  milky. 
When  tannin  is  dropped  into  a  solution  of  gelatin,  it  throws  Fernas 
down  a  copious  white  precipitate,  consisting  of  tannin  and  J!^|!^ 
gelatin,  which  forms  an  elastic  adhesive  mass.  This  preci- 
pitate soon  dries  in  the  open  air,  whereby  it  becomes  con- 
verted into  a  brittle,  rcsinous-like  substance,  insoluble  in 
water,  capable  of  resisting  the  greater  number  of  chemical 
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amtof  iMiipiU«  of  putrcfxction,  and  pwatwag,  ta  rfMl ' 
.ll  dM  pCBpenjigg  of  ovcrunned  Inthifr.  It  \\  on  accooNM 
klk»pnpntyW  tannin,  tiiat  it  is  usually  employed  lodent 
dR  prefciKe  of  grlatin  in  animal  liquids.  It  must  bclianK 
Id  flffaldi  howt^'cr,  that  tannin  throws  dowo  albumen  abo  il 
•^'J^lhfftMt  of  ■»  white  precipitate;  and  hence  this  suhstaitce  it 
Mfriah.  hst  a^dwtair*  test  of  gclatm.  To  prrvent  all  fallHcy  in  a>' 
48ltkUm%  dw  presence  of  gilatin,  an  animal  liquid  liXf^ 
te4faMfnWd  by  means  of  pcrchloridc  of  mercury  A^v 
Ure  MOkfilDMC:),  which  will  separate  jlbumeti,  if  anyh>||> 

Q^f^    '"'1^  -Aoeonling  to  an  anaty^UbyGay-LussaciuidTMiAft 

fliatfpii  TgOtAa  it  cooked  of  ^ 

*•  Carbon  ♦7-881  '  i  " 

.  jS    ■!   )h  Oxygen  27-307  ....^^^ 

Hydrogen  7-914  ^^^^^H 

Azote  ^K^^^M 

100-CXX)  ^^^^R 

Sla«,riM  -.   6*  Gelatiiif  with  some  variety  of  properties,  is  used  in  the 

■jdi*-     Am  under  the  several  names  of  glue,  size  and  isioglis*- 

JS^^f^TheiUCsof  glue  are  verj-  well  known.  It  is  manufactured  front 

tlMbaaf     tbl!  pannga  of  hides,  and  from  the  hoofs  and  cars  of  horses, 

V****!^.  "r  o^m  and  other  doncatk  animals,  by  boiling  them  m  water, 

Wm)  evi^oratiDg  the  soloEioa  formed  to  a  proper  consiutncj'. 

Size  is  a  purer  kind  of  glue,  manufactured  from  eel  skiii^ 

parchment,  some  Icinds  of  white  leather,  the  akins  of  bonei| 

cats,  rabbits,  &c.   It  is  employed  in  the  manufacture  of  ftf 

per,  and  in  several  other  arts.  Isinglass  is  very  nearly  puR 

gelatin.  It  is  prepared,  almost  exclusively  in  Ruwia,  fiDO 

the  air-bladders  of  different  species  of  fiah  of  the  genus  acci- 

peascr.  This  kind  of  gelatin  is  employed  in  clarifying  ^- 

,rituous  liquors,  in  stiffening  silk,  and  for  other  purposes. 


SECTION  ir. 

OF  AUIUMEN. 
Albanian,  1,  Tbe  peculiar  subatance,  found  in  the  egga  orfovla^ad 
*JP^'"called  the  while  of  the  egg,  is  very  nearly  pore  albumen. . 
Miied  the'  2.  Albumen,  when  exposed  to  heat,  assumes  the  aolvl 
vhM'of  tb«  form,  and  is  said  to  be  coagulated.  Coagulated  albumen  il 
'  very  distinct  in  its  properties  from  uncoagulated  albumen, 
and  will  be  noticed  separately. 
Propertici  .  3.  Uncoagulated  albumen  is  a  glairy  liquid,  having  TC(t 
jj^,^"^^'l>ttle  taste  and  no  smell.  It  is  readily  soluble  in  water;  iud 
map.  ^  A)lution  chaogea  vegeuUe  blues  to  green,  in  coaae- 


quence  of  the  presence  of  foda*  When  exposed  to  the  tern-  o«ap.  l 
p<:rature  of  165®,  it  is  converted  intp  coagulated  albumen.  ■  < 
The:  same  effect  is  produced  by  acids  or  alcoboL  When  ex- 
posed to  the  air  for  spontaneous  evaporation,  or  to  a  low 
heat,  it  is  converted  into  a  brittle,  transparent  substance, 
having  some  resemblance  to  g^ass,  which  may  be  agim 
dissolved  in  water,  so  as  to  form  a  glairy  liquid  as  at 
first.  When  uncoagulated  albumen  is  diluted  with  a  lai:ge 
quantity  of  water,  for  example,  ten  times  its  weight,  it  is  no  - 
longer  coagulable  by  heat;  though  acids  are  still  capable  of 
producing  its  coagulation*  When  diluted  with  a  still  larger 
quantity  of  water,  even  acids  lose  thtir  coagulating  power. 
The  same  is  the  case  with  dried  uncoagulated  albumen: 
when  dissolved,  in  this  state,  in  nine  parts  of  water,  it  is 
completely  coagulable  by  heat;  but  when  dissolved  in  thir- 
teen parts  of  water,  an  imperfect  coagulation  only  takes 
place  by  the  same  means,  and  the  liquid  admits  of  being 
poured  from  one  vessel  to  another. 

4.'  During  coagulation,  albumen  neither  gains  nor  loses  Ito  eoaguift- 
any  principle,  nor  alters  in  the  least  in  its  specific  gravity.  ^^^^  . 
It,  therefore,  becomes  a  difficult  point  to  ascertain  upon  jet  eiphOir- 
what  its  coagulability  depends.  It  is,  however,  most  proba-  ^ 
ble,  that  the  coagulating  cause  gives  a  new  play  to  chemical 
affinities,  so  that  the  constituents  of  the  albumen  assume 
new  states  of  combination. 

5.  Uncoagulated  albumen,  unless  dried,  very  soon  un- 
dergoes putrefaction;  and  this  the  more  readily,  the  more  it 
IS  diluted.  Its  smell,  during  putrefaction,  is  like  that  of  pus. 

6.  Dr.  Bostock  has  ascertained,  that  a  saturated  solution  Perchioride 
of  perchioride  of  mercury  (corrosive  sublimate)  is  a  "^^st  J^™^?^ 
delicate  test  of  the  presence  of  albumen.  A  liquid,  contain*  for  &n>»- 
ing  not  more  than  n^th  part  of  its  weight  of  albumen,  is  °^^' 
rendered  sensibly  miHy  by  the  addition  of  a  drop  of  this 
chloride.   Tannin  ako  has  the  property  of  precipitating  al- 
bumen. It  falls,  in  combination  with  the  albumen,  in  the 

form  of  a  very  copious  yellow  precipitate,  having  the  con- 
sistence of  pitch,  and  which,  when  dried,  becomes  britde  and 
resembles  overtanned  leather.  Tannin,  however,  is  a  much 
less  delicate  test  of  albumen  than  of  gelatin. 

f .  Coagulated  albumen  is  a  tough  substance,  having  a  Coagulated 
pearl-white  colour,  and  a  sweetish,  mucilaginous  taste.  Itj'^^"?u2} 
is  insoluble  in  water,  and  is  much  less  susceptible  of  putre- 
faction or  decomposition  than  when  in  the  uncoagulated 
state.  When  dried  at  a  heat  of  212^,  it  is  converted  into  a 
hard,  brittle,  yellow  substance,  semitransparent  like  horn. 
From  this  dried  state,  it  may  be  brought  back  to  that  of 
newly  coagulated  albumen,  by  digestion  for  several  hours  in 
water. 


534 


AKOfAL  CdNSnTUCim. 


Part  It      8*  Coagulated  albumen,  by  being  8teq>ed  in  diluted  nitric 
Book  III,  acid  for  some  time,  is  converted,  as  Hatchett  haa  aacertain- 
CoDTerted  cd,  into  a  substance,  soluble  in  water  and  possessing  die 
biio  geiMtiii  distinguishing  properties  of  gelatin* 

toi^nU        ^*  Coagulated  albumen  is  readily  soluble  in  a  boiling  so- 
tm  Mid.     lution  of  potash;  ammonia  becomes  disengaged,  and  an  ani- 
mal soap  is  formed. 
Compoti-        lO*  According  to  an  analysis  by  Gay-Lussac  and  The- 
JJj^<^ ■**>■' nard,  albumen  is  composed  of 
~'^  Carbon  52*883 

Oiygen  23*872 

Hydrogen         7'540 

Azote  15-705 

lOOODO 
11.  It  deserves  to  be  mentioned,  that«  besides  these  con- 
stituentSf  Berzelius  considers  sulphur,  phosphorus,  calcium 
and  magnesium  to  be  essential  component  parts  in  albumen. 
The  first  of  them,  sulphur,  is  a  never-fuling  attendant  upon 
albumen,  wherever  it  may  be  found.  This  circumstance 
would  seem  to  prove  this  combustible  to  be  an  essential 
constituent  in  it;  but  how  far  the  same  is  true  with  regard 
to  phosphorus,  calcium,  and  magnesium  remains  yet  to  be 
satisfactorily  shown. 


SECTION  III. 

OF  FIBRIN. 

Fibrin,  Im)w      1*  I'  the  clot,  which  forms  in  blood  soon  after  it  is  drawn 
?**^*"wLd  ^^^^  ""^  animal,  be  put  into  a  linen  cloth,  and  washed  re- 
peatedly with  water,  until  it  ceases  to  give  colour  or  taste  to 
this  liquid,  what  remains  behind  will  consist  of  fibrin.  This 
substance  was  formerly  called  the  fibrous  part  of  the  blood. 
It  is  found  to  exist  abundantly  in  the  muscular  structure  of 
animals,  from  which  it  may  be  obtained  by  repeated  boilings 
in  water. 
Iuprot»ei>      2.  Fibrin  is  a  solid  substance,  having  a  white  colour, 
**•■'  which  deepens  upon  drying,  and  no  taste  or  smell.  When 

newly  extracted  from  blood,  it  is  soft  and  elastic,  and  re- 
sembles  vegetable  gluten.  That  which  is  extracted  from 
muscle  is  brittle,  and  possesses  some  degree  of  transparency. 
It  is  not  altered  by  exposure  to  air,  or  speedily  so  by  being 
kept  under  water.  It  is  insoluble  in  cold  water.  In  boiling 
water,  it  curls  up;  and,  after  the  boiling  has  continued  for 
some  time,  a  kind  of  milky  solution  is  formed,  prccipi- 
table  by  infusion  of  nut-galls  in  white  flocks,  which  do  not 
cohere  as  those  produced  in  a  solution  of  gelatin  do. 
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3*   Both  alcohol  and  ether  dissolve  fibrin,  but  not  widiout  Caiy.L 
icring  its  properties.  When  it  is  obtained  again  by  «▼>- niMolTet  In 
oratioii  from  these  solutions,  it  is  in  the  state  of  a  fatty  ftioohoiimd 
UMs,  having  a  strong  and  unpleasant  smell.  JdunJoa!' 

4k.  In  solutions  of  pure  potash  or  soda,  fibrin  swelb,  and 
Nseomes  transparent  and  gelatinous.  At  last  a  complete  so- 
ntion  is  effected,  having  a  yellow  colour  with  a  shade  of 
nreeii.  This  solution  has  no  analogy  to  soap,  but  the  fibrin 
has  undergone  some  alteration  in  its  properties.  It  is  preci- 
pitated by  acids  and  by  alcohol. 

5*  When   exposed  to   heat,   fibrin   contracts   suddenly,  BlfeeutC 
moves  like  a  piece  of  horn,  and  exhales  the  odour  of  bum-  ^^^^ 
ing  feathers.  When  the  heat  is  increased  to  a  certain  tem- 
perature, it  melts. 

6.  According  to  an  analysis  by  Gay-Lussac  and  Thenard,  Compou' 
fibrin  is  composed  of  ^^ 

Carbon  53*360 

Oxygen  19*685 

Hydrogen  7^21 

Azote  19*934 
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SECTION  IV. 

OF  THE  COLOURING  MATTER  OP  THE  BLOOD. 

1.  This  peculiar  animal  substance  may  be  obtained  inCoioQrin| 
the  following  manner:  Mix  one  part  of  the  clot  of  blood,  as  ^*^f\ 
completely  freed  from  scrum  as  possible,  with  four  parts  of  obtained. 
sulphuric  acid,  diluted  with  eight  parts  of  water.  Keep  the 
mixture  at  the  temperature  of  158^  for  five  or  six  hours, 

and  then  filter  it  while  hot,  washing  the  residue  with  four 
parts  of  hot  water.  Evaporate  the  liquid,  thus  obtained,  to 
one-half,  and  then  add  ammonia,  until  the  acid  is  almost, 
but  not  completely,  saturated.  A  precipitate  appears,  which, 
after  being  washed  and  dried,  is  the  colouring  matter  of 
the  blood. 

2.  Leuenhoeck,  by  microscopical  observations,  ascertained  Aeeoant  of 
the  existence  of  globules  of  a  red  colour,  floating  in  the  ^  <*»«>^«- 
blood;  and  his  statements  were  confirmed  by  subsequent  ob- 
servers.  The  red   globules  were,  accordingly,  considered 

to  be  the  colouring  matter  of  the  blood,  but  nothing  was 
known  of  their  chemical  nature.  In  1797,  Dr.  Wells  pub- 
Ushed  a  paper,  in  which  he  attempted  to  prove,  that  the 
oolouring  matter  of  the  blood  is  a  peculiar  animal  sub- 
tance*  xhis  opinion,  however,  was  not  acceded  to;  as  it 
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louring 
matter. 


Its  ashes 

contain 

iron. 
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appeared  to  be  proved  by  Fourcroy  and  Vauquelio,  dot 
the  red  colour  of  the  blood  was  owing  to  the  presence  d 
a  aubphosphate  of  iron.  This  continued  to  be  the  prewl- 
ing  opinion,  until  Brande  published  his  chemical  rescardies 
on  the  blood  in  1812;  in  which  he  proved  cxperincn- 
tally,  that  the  colouring  matter  of  the  blood  is  a  peculiar 
animal  substance.  It  appears,  howe%*cr,  that  the  resula  of 
Brande  had  been  anticipated  by  Brrzelius,  in  a  work  pub- 
lished  in  1808  in  the  Swedish  language,  but  which  was 
not  known  in  England  at  the  time  Brande  wrote. 

3.  The  colouring  matter  of  the  blood   is   deidtute  of 
taste  or  smelL  When  dry^  its  colour  is  black.   It  is  not  so- 
luble in  cold  water,  but  when  suspended  in  this  liquid,  it 
has  a  wine-red  colour.  Boiling  water  produces  the  same 
effects  upon  it,  as  upon  fibrin.  It  is  soluble  in  all  the  acids, 
tried  hy  Vauquelin  and  Brande.  It  dissolves  in  diluted  oi- 
tric  acid  without  any  change  in  colour.  Solutions  of  potash 
or  soda  dissolve  it  and  form  purple  liquids.  When  exposed 
to  heat,  it  neither  alters  its  form  nor  colour;  but  gives  out 
an  animal  odour,  and  yields  carbonate  of  ammonia  and  a 
purple  oil,  the  residue  being  a  bulky  charcoal.  The  great 
bulk  of  this  animal  constituent  is  considered  to  be  composed 
of  some  modification  of  fibrin.  When  incinerated,  it  leaves 
Y^^th  of  its  weight  of  ashes,  which  are  composed,  accordiDg 
to  Berzelius,  of 

Oxidized  iron  50*0 

Subphosphate  of  iron  7'5 

Phosphate  of  lime  with  traces  of  magnesia  6-0 

Pure  lime  20*0 

Carbonic  acid  and  loss  16*5 

100-0 

4.  Berzelius  calculates,  that  the  colouring  matter  of  the 
blood  contains  about  ^^^^th  of  its  weight  of  oxidized  iron. 
This  chemist  considers,  that  the  substances,  indicated  in 
liis  analysis,  do  not  exist  in  the  colouring  matter,  but  arc 
formed  during  its  incineration.  He  supposes  the  radicals 
only  to  be  present;  namely,  iron,  phosphorus,  calcium,  and 
magnesium. 
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SECTION  V. 

OF  MUCUS. 

1.  Animal  mucus  must  not  be  confounded  with  the  ve- 
getable substance  of  the  same  name.  The  forme  r,  however, 
has  several  properties  in  common  with  the  latter.  Accord- 
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to  t)r«  BoBtock,  it  may  be  obtained,  by  solution  and  fil-  Gbaf.  I. 

a,  trmtion,  from  the  white  matter,  formed  by  evaporating  sa-  yegeuble 
;  lira*  This  chemist  also  obtained  it,  by  macerating  an  oyster  matus. 

sli  waier,  and  evaporating  the  liquid  formed.  When  thus 

r  ffvpared,  it  has  the  following  properties. 

,  *   S.  It  agrees  with  gum  arabic  in  appearance,  taste,  solu-  Iti  proper- 
Ulhy,  and  in  the  property  which  it  possesses  of  forming  ^^* 

-  with  water  an  adhesive  solution*  After  evaporation  to  dry* 
fl^iSf  it  is  transparent  and  inelastic,  and  resembles  gum:  it  is 
now  insoluble  in  water,  but  readily  so  in  all  the  acids,  even 
%Aimn  aiuch  diluted.  It  is  insoluble  in  alcohol  or  ether.  It 
does  not  coagulate  by  heat,  or  gelatinize  by  evaporation* 
It  is  not  precipitated  by  perchloride  of  mercury  (corrosive 
Miblimiate;,  or  the  infusion  of  nut-galls;  but  subacetate  of  lead 
occasions  a  copious  white  precipitate. 


SECTION  VI. 

OF  OSMAZOM E.» 

1.  This  substance  may  be  obtained  by  the  following  pro-  Otma- 
cess:  Macerate  small  fragments  of  beef,  in  water,  for  seve-  *?™.'»J**^ 
nl  hours,  and  repeat  the  maceration  several  times  with  fresh    ^° 
quantities   of  water.    The  liquid,  thus  obtained,  holds,  in 
solution,  albumen,  the  salts  of  the  beef,  and  osmazume.  Se- 
parate the  albumen  by  coagulating  it  by  heat,  and  treat  the 
residue,  evaporated  to  the  consistence  of  a  syrup,  with  alco- 
hol; this  liquid  takes  up  the  osmazome,  and  leaves  the  salts 
behind. 

2.  This  substance  was  first  pointed  out  by  Rouelle.  The 
name,  by  which  it  is  here  distinguished,  was  applied  to  it 
by  Thenard.  Dr.  Thomson  thinks  it  not  improbable,  that  it 
is  fibrin,  somewhat  altered  in  its  properties. 

3.  Osmazome  is  a  brownish-yellow  substance,  having  the  lu  propct^ 
taste  and  smell  of  broth.  It  is  soluble  both  in  water  and  al-  ^®'- 
cohol.    Its  aqueous  solution  is  precipitated  by  infusion  of 
nut«galls,  by  nitrate  of  mercury,  and  by  acetate  and  nitrate 

of  lead« 


SECTION  VIL 

OF  PlCROMEL-t 

1.  Thenard  has  given  this  name  to  the  peculiar  sub- P'Mromei, 
stance  which  characterizes  bile.    It  may  be  obtained  by  the  ^^ 

*  From  M-^  tmell,  and  ^»fM(  Vroth.    f  From  irixfot  bitter,  tnd  /uxi  honej. 
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Paht  II.  following  process:  Mix  fresh  bile  with  sulphuric  acid,  dib- 
HooKin.  ted  with  three  or  four  times  its  weight  of  water.  The  jAr 
low  precipitate,  which  thereby  appears,  must  be  allowed  a 
subside,  and  then  separated.  Next  heat  the  mixture  geadr  |1 
for  some  hours,  and  then  decant  the  liquid  part:  a  grca 
matter  will  remain,  formerly  called  resin  of  bile,  but  at  pre- 
sent ascertained  to  be  a  compound  of  the  peculiar  substaooe, 
under  notice  in  the  present  section,  and  sulphuric  scid 
Digest  this  matter  with  carbonate  of  bary  tea  and  water.  An 
insoluble  sulphate  of  barytes  will  be  formed;  and  the  picro- 
mel,  liberated  from  combination,  will  be  found  diwa^ved  in  i 
the  water*  It  may  be  obtained  from  its  aqueous  soludoa  by 
evaporation  to  dryness, 
lu  propav  2.  Picromel  resembles  inspissated  bile  very  exacdy.  It 
has  a  yellowish-green  colour,  and  an  intensely  bitter  taitc, 
which  leaves  an  impression  of  sweetness.  It  is  soluble  in 
water  and  alcohol.  It  dissolves  in  ether  also,  but  not  with- 
out alteration  in  its  properties.  It  is  not  precipiuted  by  the 
infusion  of  nut-galls,  but  is  thrown  down  by  nitrate  of  mer- 
cury, subaceute  of  lead,  and  the  salts  of  oxidized  iron. 


uei. 


SECTION  VIII. 

OF  UREA. 

Li-M.  how  1.  Urea  may  be  obtained  by  the  following  process: 
obtained.  Evaporate  any  quantity  of  human  urine,  by  a  gcntie  heal,  to 
the  consistence  of  a  syrup,  and  stft  it  aside  to  cool:  it  will 
be  found  concreted  into  a  crystalline  mass.  Pour  upon  this 
mass,  at  several  intervals,  four  times  its  weight  of  alcohol, 
and  apply  a  gentle  heat:  this  menstruum  will  leave  nothing, 
but  some  saline  substances.  Distil  the  alcoholic  solution, 
thus  obtained,  in  a  retort,  until  it  assumes  the  consistence 
of  syrup;  at  which  time,  the  whole  of  the  alcohol  will  have 
been  driven  over.  The  syrupy  mass,  upon  cooling,  takes  the 
form  of  crystals.  These  crystals  consist  of  urea, 

2.  This  substance  was  first  examined,  in  1  773^  bv  Rou- 
elle,  junior,  under  the  name  of  the  sapon:iceous  extract  of 
urine.  In  1799,  a  full  investigation  of  its  nature  was  made 
by  Fourcroy  and  Vauquelin,  by  whom  the  name  urea  was 
given. 
Its  pixii)cT-  3.  Urea  is  a  crystallized  substance,  usually  of  a  yellowish- 
•«*»•  white  colour;  but,  when  pure,  semitransparent  and  white. 

It  has  a  fetid  smell,  somewhat  similar  to  that  of  {garlic.  Its 
taste  is  acrid,  ns'-mbling  chat  of  the  ammoniacal  salts.  It 
is  viscid  and  difficult  to  cut,  and  has  somewhat  the  appear- 
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3f  thick  honey.   B7  exposure  to  ur,  it  attracts  mois-   CsAiLf. 
ind  is  soon  converted   into  m  thick  brown  liquid.   It  '" 

y  soluble  in  water,  and  during  its  solution  a  considera- 
gree  of  cold  is  produced.  It  dissolves  also  readily  in 
If  but  not  in  so  large  a  proportion  as  in  water.  The 
us  solution,  when  left  to  itself,  gradually  putrefies,  and 
ea  appears  to  be  converted  into  ammonia  and  acetic 
When  distilled,  it  exhales  a  very  fetid  alliaceous 
,  and  yields  carbonate  of  ammonia,  bihydroguret  of 
1,  charcoal,  benzoic  acid,  chloride  of  sodium,  and  hy- 
lorate  of  ammonia;*  but  the  three  last  products  are 
ered  by  Fourcroy  and  Vauquelin  to  be  foreign  sub- 
s. 

^hen  nitric  acid  is  poured  upon  crystallized  urea,  a  Aetion  o£ 
t  effervescence  takes  place,  large  quantities  of  deu-"'*™.^ 
of  azote,  carbonic  acid,  and  azote  are  evolved,  and" 
ixture  assumes  a  dark  red  colour.  After  the  action  is 
there  remains,  together  with  some  drops  of  reddish 
»  a  white  concrete  matter,  which,  when  heated,  deto- 
like  nitrate  of  ammonia.    When,  however,  nitric  acid 
pped  into  a  concentrated  solution  of  urea  in  water, 
immediately  fall  a  number  of  bright  pearl-coloured 
Is,  which  are  found  to  consist  of  nitric  acid  and  urea, 
her  acid  tried  produces  this  singular  effect  upon  urea, 
a  solution  of  urea  is  mixed  with  one-fourth  of  itsof  tolphtt- 
t  of  sulphuric  acid,  no  effervescence  ensues;  but  when"®  **•**• 
s  applied,  there  appears,  on  the  surface  of  the  liquid, 
itity  of  oil,  which  concretes  upon  cooling.  The  other  and  of  by- 
cts  of  the  action  of  this  acid  are  acetic  acid  and  am-jjjj''*""* 
•  Hydrochloric  acid  dissolves  urea  without  alteration. 
Urea  dissolves  readily  in  solutions  of  potash  or  of 
and  ammonia  becomes  evolved.  The  same  evolution 
duced  by  barytes,  lime,  or  even  magnesia.   The  am- 
is derived  from  hydrochlorate  of  ammonia,  with 
urea  is  constantly  mixed, 
^.ccording  to  an  analysis  by  Dr.  Prout,  urea  is  com-lta  eomp^ 

q(  titlQQ. 


Azote 

14— one  atom. 

Carbon 

6— one  atom. 

Hydrogen 

2— 4WO  atoms. 

Oxygen 

8— one  atom.t 

30 


MT  be  worth  while  to  remark,  that  the  pro(1ii«tt  of  the  distilhitioii  of  urea 
100  4eal  ninilar  to  those  fumi^erl  by  one  acid,  under  like  eireomitaBeet. 
a  analjhis  is  taken  fram  an  abriJgment  ef  Dr.  Proiit't  psper  on  the 
ite  pnnciplet  of  the  urine.  Aonalaof  PhUoaoph]r>  xi.  S5SL 
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Pabt  II.       I^  consequently  appears,  that  urea  differs  from  uric  add, 
liix»K  m.  'm  containing  an  atom  less  of  carbon,  and  an  atom  more  of 

hv^rogc;n;  and  from  purpuric  acid,  in  contMning  an  atom 

less  of  both  carbon  and  oxv'gen. 


SECTION  IX. 

OF  SACCHARINE  MATTER. 

Prindpti  Three  kinds  of  saccharine  matter  of  animal  oripa  mqr 
'""mVTwie-  ^  enumerated;  namely,  sugar  of  milk,  honey,  and  the  su- 
chftrioe  gar  of  diabetic  urine.  These  substances  will  be  briefly  no- 
matter  »re  jiccd  in  the  order  in  which  they  have  been  named* 

1.  Sugw  of  I*  Sugar  of  milk  may  be  obtained  by  the  following  pro- 
mUk;         cess:   Evaporate  fresh  whey  to  the   consistence  of  hooey, 

and,  after  it  has  concreted  into  a  solid  mass  by  cooliiig, 
dissolve  it  in  cold  water,  and  clarify  the  solution  by  acans 
of  the  white  of  eggs:  then  filter  it,  and  evaporate  it  to  the 
consistence  of  a  syrup.  This  syrup,  upon  cooling,  depositcs 
a  number  of  brilliant  white  crystals.  These  crystals  consist 
of  the  substance  in  question* 

Sugar  of  milk  is  in  the  form  of  semi-transparent  crystals, 
having  a  whitish  colour  and  a  sweetish  taste,  but  no  smelL 
Its  specific  gravity  is  1*5.  It  is  soluble  in  five  times  its 
weight  of  cold  water,  and  in  two  and  a  half  times  its  weight 
of  boiling  water.  It  is  insoluble  both  in  alcohol  and  ether. 
When  exposed  to  heat,  it  emits  the  smell  of  burning  sugar. 
When  distilled,  it  yields  very  nearly  the  same  products  as 
sugar.  When  treated  by  nitric  acid,  it  is  con^  erted  into 
saclactic  acid.  According  to  Gay-Lussac  and  Thenard,  it 
is  composed  of 

Oxygen  53*834 

Carbon  38*825 

Hydrogen  7'341 

100*000 

2.  Hoiicy;        IL   Honey  is,  perhaps,  rather  of  vegetable  than  of  ani- 
*^^  mal  origin,   it  has  a  yellowish  colour,  a   soft  and   grained 

consistence,  a  saccharine  taste,  and  an  aromatic  smell.  It  is 

convc  rted  into  oxalic  acid  by  the  action  of  nitric  acid.  It  is 

very  soluble  in  water,  with  which  it  forms  a  syrup. 

3  Sngmrof       '!'•  The  sufi^ar,  which  may  be  extracted  from  the  urine 

diabttic       of  pt Tsons  laf)()urinp:  under  diabetes,  possesses    properties 

unne.  t  ^        ,  ^  r  -mwn  ■         .      .  • 

analr)gous  to  those  of  common  sugar.  When  treated  with 
nitric  icid,  it  \  ii  Ids,  like  comipon  sugar,  a  portion  of  oxalic 
acid.   No  saclatiic  acid  is  formed. 
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Chat.  I. 

SECTION  X.  

OF  CANTHARIDIN. 

1.  Dr.  Thomson  gives  this  name  to  the  substance,  disco-  Canthnri- 
vercd  in  I81O  by  Robiquet,  in  which  the  vesicating  proper- ^'"!  **Jf 
ty  of  cantharides  resides.    It  is  obtained  from  the  Spanish  principle  of 
flies  by  digesting  them,  successively,  in  water,  alcohol,  and  •'**'*'"'*'*•• 
sulphuric  ether.    It  is  in   the   form  of  shining  crystalline 
plates,  insoluble  in  water  and  in  cold  alcohol,  but  soluble  in 
boiling  alcohol,  which  lets  it  fall  upon  cooling.  It  is  soluble 
also  in  ether  and  in  the  oils.    When  applied  to  the  skin,  it 
acts  with  great  energy  as  a  vesicatory. 


SECTION  XI. 

OF  COCHF^IUN. 

1.  CocHENEAL  18  Well  known  as  an  insect,  which  inhabits  CoeheiiiUn, 
different  species  of  cactus,  and  is  propagated  in  Mexico  }^^  ***^ 
and  in  some  other  countries,  for  the  sake  of  the  beautiful  Irfloehe- 
dye,  which  it  affords.  It  constitutes  the  scarlet  dye  of  cloth.  ^^^ 
Dr.  John  has  succeeded  in  separating  the  colouring  matter 
of  this  insect,  to  which  he  has  given  the  name  of  cochenilin. 
It  has  a  fine  carmine-red  colour.  It  is  permanent  in  a  dry 
air,  but  becomes  glutinous  in  a  moist  one.    It  is  soluble  in 
acids,  and  in  pure  potash  or  soda. 


SECTION  XII. 

OF  OILS. 

1.  Oils  are  noticed  in  this  place,  in  order  that  the  enu-Oilenten 
meration  of  animal  substances  may  be  complete.  The  rca-'*'^^l|^ 
der  will  no  doubt  recollect,  that  the  oils  in  general  were  diet, 
treated  of  pretty  fully  in  a  previous  part  of  this  work.  It 
would,  therefore,   be  a  needless  repetition  to  enter  upon 

their  consideration  in  this  place.  It  may  not,  however,  be 
without  its  use  to  give  some  account  of  the  animal  oil  of 
Dippel. 

2.  This  oil  is  obtained  by  distilling  the  gelatinous  and  al- 
buminous parts  of  animals.  The  product  of  the  first  distil- 
lation is  redistilled,  mixed  with  water;  and  the  oil  which 
first  comes  over  is  the  animal  oil  in  question.  It  is  a  colour- 
less and  transparent  liquid,  possessing  a  strong  and  rather 
aromatic  smell.  It  is  nearly  as  light,  and  quite  as  volatile 
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PaitII.  as  ethen  It  is  partially  soluble  in  water.  It  changes  vege- 
BooK  Hi.  table  blues  to  green,  owing,  as  is  supposed,  to  the  presence 
of  ammonia.  It  dissolves  in  acids,  and  forms  a  kind  of  im- 
perfect soap.  It  was  formerly  held  in  high  estimation  as  a 
remedy  for  fevers,  but  it  is  a  long  time  since  it  has  lost  its 
celebrity. 


Prioeipal 
mnimal  re- 
tiniare 


1.  Amber- 
gris: 


3.  Bee- 

giuc: 


X  Civet: 


4.  CMtor: 
«nd 


SECTION  XIII. 

OF  ANIMAL  RESINS. 

Several  substances  of  an  animal  origin,  which  partake 
of  the  nature  of  resins,  have  been  classed  together  under 
the  name  of  animal  resins.  The  principal  of  them  will  be 
briefly  noticed  in  the  following  paragraphs. 

I.  ilm^er^ri^.— This  substance  is  found  floating  in  the 
sea,  near  the  coasts  of  tropical  countries,  especially  of  India, 
Africa,  and  Brazil.  It  has  been  supposed  to  be  of  vegetable 
origin;  but  it  is  now  generally  believed,  that  it  is  a  concre- 
tion formed  in  the  stomach  and  intestines  of  the  physeter 
macrocephalus,  or  spermaceti  whale.  It  is  a  toft  aulMtaoce 
of  an  ash-grey  colour,  with  brownish,  yellow,  and  white 
streaks,  and  of  a  specific  gravity,  varying  from  0«r8  to  0^. 
It  has  an  agreeable  smell,  and  an  insipid  taste.  It  is  com- 
posed principally  of  resin,  and  a  matter  with  properties  in- 
termediate to  those  of  fat  and  wax,  mixed  with  benzoic  add 
and  charcoal. 

II.  Propolis  or  Bee-g-iue. — This  is  the  substance,  which 
bees  emploN  to  cover  the  bottom  of  a  hive,  when  newly 
placed  in  it.  It  is  not  altogether  certain,  that  it  is  an  ani- 
mal substance.  It  is  at  first  soft  and  ductile,  but,  by  expo- 
sure to  air,  becomes  hard.  In  masses  it  appears  black, 
but  in  thin  pieces,  semi-transparent.  It  has  no  taste,  but 
possesses  an  aromatic  odour.  It  was  ascertained  by  Vau- 
quelin  to  be  composed  principally  of  resin  and  wax. 

III.  ClW^— This  substance  is  obtained  from  the  ingui- 
nal region  of  the  civet  cat.  It  is  a  yellow  substance  of  the 
consistence  of  butter.  It  is  employed  as  a  perfume  only,  for 
which  purpose  it  requires  that  its  0(Jour,  which  is  very 
strong,  should  be  greatly  diluted.  It  has  not  been  analyzed 
by  any  chemist;  but  it  may,  without  impropriety,  be  classed 
among  the  animal  resins,  until  its  nature  is  better  known. 

IV.  CViJ^or.— This  substance  is  contained  in  two  bags,  a 
large  and  a  small  one,  situated  in  the  inguinal  regions  of 
the  beaver.  It  is  the  larger  bag  on  each  side,  which  con- 
tains the  true  castor;  the  smaller  one  contains  a  substance 
resembling  it,  but  much  less  esteemed.  Castor  has  a  yellow 
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colour,  and,  when  newly  taken  from  the  animal,  is  nearly  Chap.  I. 
liquid*  By  exposure  to  air,  it  hardens,  becomes  dark-co- 
loored,  and  assumes  the  appearance  of  a  resin.  Its  taste  is 
acrid  and  bitter,  and  i^  smell  strong  and  aromatic.  When 
tiaed  as  a  medicine,  it  acts  as  a  stimulating  antispasmodic, 
cncreasing  the  heat  of  the  body  in  a  slight  degree  only. 

V.  i(&«i.-*>This  is  a  secretion,  which  is  deposited  in  a  s.Mmk. 
kind  of  bag,  situated  in  the  umbilical  region  of  the  mos« 
chu8  moschiferus,  or  musk  deer,  an  animal,  which  inhabits 
the  more  elevated  regions  of  Asia,  particularly  the  moun- 
tains which  divide  Thibet  from  China.  It  has  a  brownish- 
red  colour,  a  bitter  taste,  an  intensely  strong  and  aromatic 
smell,  and  an  unctuous  feel.  It  is  partially  soluble  in  water, 
to  which  it  imparts  its  odour;  and  also  in  alcohol,  but  this 
liquid  retains  none  of  the  odour.  It  is  dissolved,  and  ren- 
dered inodorous,  by  sulphuric  or  nitric  acid.  As  a  medi- 
;,  it  acts  as  a  very  powerful  stimulating  antispasmodic. 


SECTION  XIV. 

OP  COMPOUND  SUBSTANCBS,  DE8CBIBBD  IN  THE  FIRST  PART 
OF  THIS  WORK,  AS  ANIMAL  CONSTrFUENTS. 

These  substances  are  either  I.  Chlorides;    11.  Acids;  Compoand 
UI.  Salifiable  Bases.  SJSlK*^" 

I.  Chlorides. '^^In  a  large  proportion  of  the  liquids  of  the  ^IcMribed, 
human  body,  and  in  some  01  the  solids,  chloride  of  sodium  ^1^^. 
(eommon  salt)  is  detected  upon  analysis.  Chloride  of  potas-  eno,  are 
Slum  (muriate  of  potash)  is  present  also  in  several  animal  i|  c^o- 
aubstances.  rides: 

II.  Jcf^.— There  have  been  discovered,  in  the  analysis  8.  Aoidi:  or 
of  the  human  body,  the  following  acids;  namely,  the  hydro- 
chloric, sulphuric,  carbonic,  phosphoric,  uric,  oxalic,  and 
lactic.  The  four  first  named  are  acids  of  two  constituents; 

the  sixth  and  seventh  are  composed  of  oxygen,  hydrogen, 
mod  carbon,  and  the  fifth,  of  the  same  ingredients,  with  the 
addition  of  azote.  The  uric  and  lactic  acids  are  peculiar  to 
animal  matter.  Hydrochloric  acid  is  found  in  urine  com- 
bined with  ammonia.  Sulphuric  acid  is  a  constant  ingredi- 
ent in  human  urine.  Carbonic  acid  is  a  constituent  in  seve- 
ral parts  of  the  human  body.  Phosphoric  acid  is  the  most 
abundant  acid  in  man,  as  well  as  in  other  animals.  Com- 
bined with  lime,  it  constitutes  the  basis  of  bone.  It  consti- 
tutes also  a  component  part  of  almost  all  the  solids  and 
liquids  of  the  body.  The  uric  acid  is  found  exclusively  in 
urine  and  urinary  calculi.  Oxdic  acid  has  been  found  as  a 
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PastII.  constituent  in  a  species  of  urinary  calculi,  to  be  noticed 
^^'^^^^  hereafter.  Besides  these  acids,  which  have  been  detected  in 
the  different  parts  of  the  human  system,  the  benzoic  acid 
has  been  found  abundantly  in  the  urine  of  cows,  and  the 
formic,  acetic  and  malic  acids  have  been  extracted  from  the 
red  ant,  the  first  as  peculiar  to  this  insect. 
3. Salifiable  IIL  Salifiable  Bases.^Tht  ^HifiMe  bases,  found  in  the 
'^'^  constitution  of  the  human  body,  are  ammonia,  potash,  soda, 
lime,  magnesia,  silica,  oxidized  iron,  and  oxidized  manga- 
nese. Ammonia  exists  ready  formed  in  human  urine,  and  is 
produced  abundantly  by  the  putrefaction  of  animal  substan- 
ces. Potash  exists  in  a  few  of  the  liquids  of  the  body.  Soda 
is  present  in  almost  all  parts  of  the  human  structure.  Lime 
exists  abundantly  in  bones,  combined  with  phosphoric  acid. 
Magnesia  has  been  detected  in  human  urine,  combined  widi 
phosphoric  acid  and  ammonia.  Silica  has  been  detected  in 
small  quantities  in  hair.  Oxidized  iron  has  been  found  as  a 
constituent  of  blood,  and  oxidized  manganese  as  a  consti- 
tuent of  hair. 


CHAPTER  II. 

ANALYSIS  OF  THE  SUBSTANCES  COMPOSING  THE  HUMAN 

BODY. 

Animal  nib-  All  the  substances,  composing  the  humnn  body,  maybe 
^^^}^^p.  arranged  under  the  general  heads  of  1.  Org^anized  parts,  2. 
ed  under  Products  of  vital  action.  But  the  products  of  vital  action 
r*  OreJini-°^  may  be  either  natural  or  healthy,  or  morbid;  and  it  will  be 
zed  pnru.  Convenient  to  describe  them  st:purately,  according  as  they 
^rod^^bl*^  may  be  the  one  or  the  other.  Animal  substances,  therefore, 
s.  Morbid  will  be  noticed  under  the  following  heads: 
l»«^««t«.  I.  Organized  Parts. 

II.  Healthy  Products. 
III.  Morbid  Products. 


/.  ORGAJ^IZED  PARTS. 

Ori^anizcd       The  substances  included  under  this  head  are, 

mcrated.  1.  Rone.  ^    C  Membrane,  Tendon,   1  7.  Brain  and  Nerve. 

2.  Nail.  '  ^  Lif^ameni  &  Cartilage.  3  8.  Marrow. 

3.  Muscle.  C.     Gland.  9.  Hair. 
4  Skin. 

They  will  be  noticed,  in  the  order  in  which  they  have 
been  enumerated,  in  the  following  sections. 
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Cbap.  II. 

SECTION  I.  

OF  BONB. 

1.  The  external  appearances  of  bone  are  too  well  known 
to  require  description,  its  internal  structure  is  more  or  Uss 
cellular.    Its  weight  is  somewhat  various,  but  is  at  least 
twice  that  of  water.  Its  component  parts  by  chemical  analy-  BoneMNH 
sis  are  chiefly  four;  namely,  an  incombustible  part,  fat,  g^'^"  IjJJJi^^ 
tin  and  albumen.  eonstiiii- 

2.  The  incombustible  part  may  be  obtained  by  burning  5°^-  . 
tne  bone  to  whiteness,  or  by  steeping  it,  for  a  sufficient  time,  eorobwOble 
in  a  diluted  acid.  In  the  first  case,  the  fat,  gelatin  and  albu-  pu^ 
men  are  burnt  off;  in  the  second,  the  incombustible  part 
dissolves  in  the  acid  liquor,  from  which  it  may  be  thrown 

down  by  proper  precipitants. 

3.  The  fatty  part  may  be  obtained  from  bone  by  boiling  ^  y^^^ 
it,  reduced  to  small  pieces,  in  water.  The  fat  will  be  found  mMter. 
swimming  on  the  surface. 

4.  The  gelatin  is  obtained  by  boiling  the  bone,  for  a  suf  s.  Gclitio. 
ficient  time,  in  water,  by  which  means  it  is  dissolved.    If 

the  solution  be  sufficiently  concentrated,  as  it  cools  the  ge- 
latin assumes  the  solid  form.  It  is  this  constituent  which 
renders  bone  fit  for  the  formation  of  portable  soup,  the  ba- 
sis of  which  is  gelatin.  Bone  contains  about  ^^th  part  of  its 
weight  of  gelatin. 

5.  When  bone  is  deprived  by  boiling  of  its  fatty  and  ge-  4.  An  aibii- 
latinous  parts,  and  of  its  incombustible  part  by  the  action  mioooi 

of  a  diluted  acid;  a  soft,  white,  elastic  substance  remains,  yrtn^  i 
which  has  the  figure  of  the  original  bone,  and  which  appears  bone. 
to  be  the  same  substance,  found  tipping  the  ends  of  bones, 
and  called  by  anatomists  cartilage.  Chemically  examined, 
it  is  found  to  possess  all  the  properties  of  coagulated  al* 
bumen. 

6.  The  incombustible  part  of  human  bone,  according  to  priocifNa 

Berzclius,  is  composed  of  eonttitnent 

Phosphate  of  lime  8 1  -9  S^^^JSwe 

Hydrofluate  (fluate)  of  lime  3*0  «        put  of  ha- 

Lime  10-0  ^^^ 

Phosphate  of  magnesia  1*1  ofiune» 

Soda  2*0 

Carbonic  acid  20 

1000 

7.  The  substances  given  in  this  analysis,  together  with 
gelatin,  albumen  and  a  portion  of  fat,  which  three  constitu- 
ents form  thirty-seven  parts  in  every  hundred  of  fresh 
bonei  make  up  the  proximate  constituents  of  human  bone. 
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Pivr  n.  They  may  be  all  referred  to  the  following  ultimate  constiui* 

Book  HI.  ents;  namely,  oxygen,  fluorine,  azote,  hydrogen,   carbon, 

phosphorus,  sodium,  calcium,  and  magnesium.  Of  these, 

oxygen,  carbon,  phosphorus  and  calcium  are  the  principal 

ingredients. 

Teeth  are       ^*  Teeth  are  composed  of  bone,  which  is  somewhat  dif* 

booe,eo-     ferent  from  common  bone.    That  portion  of  them,  which 

][^JJ^^5J^  protrudes  beyond  the  gum,  is  covered  with  a  peculiar  hard 

nMfiiMe.   matter,  denominated  enamel.    Enamel  is  destitute  of  albu- 

eaUedena-  minous  and  gelatinous  parts.  When  subjected  to  the  action 

of  diluted  acids,  it  is  totally  dissolved.  According  to  Pcpys, 

one  hundred  parts  of  enamel  are  composed  of 

Phosphate  of  lime  78 

Carbonate  of  lime  6 

Loss  and  water  16 

100 
Bntmei  ^*  Berzelius  has  detected  about  three  per  cent,  of  hjrdro- 

eonuinihy-  fluate  (fluate)  of  lime  in  recent  teeth,  as  well  as  io  bone. 
droAiute  of -p^^i^  differ  from  common  bone,  in  containing  more  phos- 
phate of  lime  and  less  cartilaginous  albumen. 
Bone  of  in-  ^O.  The  bones  of  the  inferior  animals  agree  in  compou* 
lerioraiii-  ^on  with  those  of  man.  Ox  bone  yielded  to  Berzeliai, 
mioiiiiy  the  ^P^B  analysis,  all  the  constituents  of  huooan  bone,  with  the 
Mime  M  ha- additional  one,  in  small  proportion,  of  diloride  of  sodium 
Bunbooe.  ^common  salt.)  Phosphate  of  magnesia  exists  in  the  bones 
of  inferior  animals  in  larger  proportion  than  in  human  bone. 


SECTION  II. 

OF  NAIL. 

Nail  is  a  1*  The  human  nail  is  the  well  known  covering  of  the  ends 

^"?  ^  ^  of  the  fingers  and  toes.    This  substance  has  been  found  by 

b^en.  * '  Hatchett  to  be  chiefly  composed  of  a  membranous  substance, 

which  has  the  properties  of  coagulated  albumen.   It  appears 

to  contain  also  a  small  quantity  of  phosphate  of  lime. 

2.  The  horns  and  hoofs  of  inferior  animals  are  the  same 
in  chemical  nature  with  the  human  nail;  except,  indeed,  the 
horn  of  the  buck  and  hart,  which  agrees  exactly  in  properties 
with  bone,  and  which,  therefore,  may  be  considered  as  im- 
properly denominated  horn.  Tortoise-shell  approaches  very 
nearly  to  nail  in  its  chemical  nature. 

SECTION  III. 

OF  MUSCLE. 

Mascie  de-      U  MuscLE  IS  the  substance,  which,  in  common  language, 
stribwi.      is  called  flesh.    It  is  composed  of  a  number  of  fibres  or 
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thretda*  generally  of  a  reddish  colour.  It  ib  not  easy  to  se-  Chaf.P. 
fMrate  the  muscular  part,  properly  so  called,  from  other  ^"^ 

8,  with  which  it  is  mixed*    These  are  a  portion  of 
a  quantity  of  blood  which  pervades  its  whole  substance, 
cellular  membrane  which  envelopes  each  fibre. 
Mm  When  muscle  is  cut  into  small  pieces  and  washed  re«  Analyiii  of 
tedly  with  water,  it  is  converted  into  a  white,  fibrous  ™«»^» 
aofaacance,  having  the  characteristic  properties  of  fibrin.  The  duetcd. 
',  obtained  from  it,  appears  as  if  a  portion  of  blood  had 
mixed  with  it;  and,  when  heated,  flakes  of  albumen, 
combined  with  the  colouring  matter  of  the  blood,  appear  on 
surface,  and  some  fibrin  precipitates.    After  being  suffi- 
concentrated,  the  whole  gelatinizes.    When  in  this 
•tate,  if  it  be  evaporated  to  dr^'ness  and  treated  with  alco- 
liol,  a  peculiar  matter  is  taken  up,  while  the  gelatin  and 
ftopie  ammonio-phosphate  of  soda  remain  behind.  This  mat- 
ter had  been   considered  to  be  a  kind  of   extractive  by 
Tiftouvenel;  but  Berzelius  appears  to  have  proved  it  to  con- 
mat  of  lactic  acid  and  lactate  of  soda.  If  muscle,  after  being 
treated  with  cold  water,  be  boiled,  it  yields  an  additional 
pyrtioo  of  the  substances  already  mentioned. 

Sm  Hence  it  would  appear,  that  muscle  is  composed  of  Its  eomtita- 
CbriDf  to  which  it  owes  its  form  and  fibrous  texture,  united  ^^' 
midst  aUmmen  mixed  with  the  colouring  matter  of  the  blood, 
gelatin,  extractive,  and  ammonio-phosphate  of  soda. 

4»  Berzelius  gives  the  following  result  of  an  analysis  of  itseompo- 

muscle:  ^  t^^ilTlo 

I.  Solid  matters.  Beneims. 

Fibrin,  vessels  and  nerves  15*8 

Cellular  matter  dissolved  by  boiling  1*9 


17.7 


IL  Liquid  bodies. 

Chloride  of  sodium  (muriate  of  soda),  1  ^  .^^ 

and  lactate  of  soda  J 

Albumen  and  colouring  matter  of  the  1 

blood  J  ^"^^ 

Phosphate  of  soda  0*90 

Extractive  0*15 

Albumen,  holding  in  solution  phos-l  ^,^^ 

phate  of  lime  j 

Water  and  loss  77*17 

82*30 

100*00 
5«  Berzelius's  analysis  of  muscle  differs,  in  many  respects, 
frWA  that  deduced  from  the  action  of  water  and  alcohol 

3  Y 
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Part  IL  upon  the  same  substance.    It  agrees  with  this  analjrsis,  in 
Book  III,  giving  (ibrin,  albumen  and  colouring  matter,  and  phosphate 
of  soda;  while  the  lactate  of  soda  of  BerzeUus  a  aiial)^! 
may  be  taken  as  equivalent  to  the  extractive  of  the  othen 
On  the  other  hand,  it  disagrees  in  ^ving  chloride  of  sodium 
(muriate  of  soda),  extractive  and  phosphate  of  lime  as  addi- 
tional constituents,  and  in  omitting  gelatin. 
Museiet  of     6.  The  account,  here  given,  of  the  chemical  constituuon 
animals,  dif- of  muscle  is  to  be  Considered  as  deduced  from  the  exami- 
tcnsibicr     nation  of  the  muscular  flesh  of  the  ox.  Although  the  mus- 
qnaiitiet      cular  fibres  of  different  animals  differ  very  much  in  colour, 
f^f^erf     ^°^  ^"  ^^^^^  when  used  as  articles  of  food;  yet  there  is  no 
reason  to  suppose,  that  they  would  afford  any  chemical  dif- 
ferences by  analysis,  unless,  indeed,  in  the  proportions  of 
their  constituents.    It  is  for  these  reasons,  that  the  above 
account  of  the  muscle  of  the  ox  will  apply  with  sufficient 
accuracy  to  the  muscular  parts  of  man. 
Ultimate         ^«  From  the  analysis  of  Berzelius,  just  given,  it  would 
oonstita.     appear,  that  the  ultimate  constituents  of  muscle  are  oxygen, 
cieenum'^^  azotc,  hydrogen,  carbon,  phosphorus,  sodium,  and 

rated  calcium*  Of  these,  oxygen,  azote,  hydrogen  and  carbon 
occur  in  much  the  largest  proportion.  The  remuning 
substances  occur  in  small  proportion,  and  may,  perhaps,  be 
considered  as  accidental  constituents.  In  the  above  enu- 
meration, the  ultimate  constituents  of  the  colouring  mat- 
ter of  the  blood  are  excluded,  as  belonging  to  a  foreign 
ingredient. 


SECTION  IV. 

OF  THE  SKIN. 

The  skin,  1*  T^ii^  human  skin  is  composed  of  three  laminse;  the 
ooniposed  cuticle  or  epidermis,  the  cutis  vera  or  true  skin,  and  a  pul- 
trucskin*  Py  lamina  between  these,  called  the  rete  mucosum,  or  mu- 
and  mucous  cous  network. 

network.  2.  The  cuticle  or  epidermis  is  the  exterior  lamina  of  the 
1.  Cuticle,  skin,  and  is  that  portion  of  it,  which  is  raised  in  blisters.  It 
is  easily  separated  from  the  true  skin  by  maceration  in  hot 
water.  It  is  thin  and  semi-transparent,  and  possesses  a  very 
great  degree  of  elasticity.  It  is  totally  insoluble  in  water  or 
in  alcohol,  but  dissolves  in  solutions  of  pure  potash  or  so- 
da, and  of  lime;  but  slowly  in  solutions  of  the  latter  sub- 
stance. It  is  not  acted  upon  sensibly  by  sulphuric  or  hydro- 
chloric acid;  but  nitric  acid  causes  it  to  lose  its  elasticity 
and  fall  to  pieces.  This  latter  acid  has  the  property  of  ting- 
ing the  living  cuticle  of  an  indelible  yellow  colour.   The 
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same  effect  is  produced  upon  the  dead  cuticle  by  the  action  Chap,  n. 
of  this   acid,  but  it   requires  a  much  longer  time.    The 
cuticle,  when  thus  tinged,  has  its  colour  changed  to  a  deep 
orange  by  the  action  of  ammonia.  The  same  effect  is  pro- 
duced upon  coagulated  albumen  under  similar  circumstan- 
ces. From  this  fact,  and  from  the  effects  of  reagents  upon  It  it  a  kind 
cuticle,  as  above  detailed,  there  is  every  reason  to  believe  ^^P**" 
that  this  animal  substance  consists  entirely  of  coagulated  al-  men. 
bumen. 

3.  The  true  skin  is  an  elastic,  dense  and  strong  mem-  2.  T^e 
brane,  composed  of  a  great  number  of  fibres,  interwoven  in  "Un. 
an  intricate  manner.  When  macerated  for  several  hours  in 
water,  the  blood  and  other  extraneous  substances  are  re- 
moved, and  the  cutis  remains,  still  preserving  its  fibrous  \ 
texture.   When  boiled  for  a  long  time  in  water,  it  dis- 
solves completely  into  a  viscous  liquid,  which,  upon  evapo- 
ration, yields  gelatin.  Hence  it  would  appear,  that  the  cu-  It  eontittt 
tis  of  man  is  composed  of  gelatin,  modified  in  its  nature,  so  ^^^^^ 
as  to  enable  it,  by  the  compactness  of  its  texture,  to  resist 

the  action  of  water,  except  under  particular  circumstances. 

4.  The  cutis  vera  constitutes  the  part  of  the  hide  of  in-  Tme  sUn 
ferior  animals,  which  is  susceptible  of  conversion  into  lea-  ^  ?!!J^*^" 
tfaer;  and  it  is  its  gelatinous  nature  which  fits  it  for  this  ii^tS^e 
purpose.  The  hide  is  treated  with  lime,  which  destroys  lhe^"^e<>f>nf®• 
cuticle  and  the  hair;  and  the  cutis,  which  remains,  is  then  ^,^° ' 
stepped  in  an  infusion  of  oak  bark,  whereby  it  combines 

with  tannin,  and  becomes  leather* 

5.  The  retc  mucosum  has  never  been  subjected  to  chemi-  s.  Mucoui 
cal  analysis.  It  is  known,  however,  that  it  gives  rise  to  the  "5^^*^^ 
difference  in  colour  of  the  skin,  occurring  in  different  varie-  Sirdifrer. 
ties  of  the  human  race.  The  true  skin,  in  all  nations,  is  the  «"««  •f  «>- 

lour  m  the 


same  both  in  colour  and  in  texturei  so  also  is  the  cuticle.  im 
Ob  the  other  hand,  the  rete  mucosum  is  black  in  the  negro,  race, 
yellow  or  tawny  in  many  of  the  Asiatics,  and  yellowish-red 
in  the  aborigines  of  America;  and,  by  being  seen  through 
the  transparent  cuticle,  gives  rise  to  the  variety  of  colour  in 
the  skin  of  the  human  species.  The  black  colour  of  the  rete 
mucosum  is  destroyed  by  the  action  of  chlorine,  as  Dr. 
Beddoes  first  proved  by  experiment,  on  the  finger  of  a 
negro. 


man 


SECTION  V. 

OF  MEMBRANE,  TENDON,  LIGAMENT,  AND  CARTILAGE. 

None  of  these  substances  have  been  subjected  to  very 
careful  analysis;  so  that  a  very  slight  notice  of  them  will 
complete  this  section. 
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PiaT  If. 
BookIIT. 

1.  Mem- 
brane  con- 
•iftU  ot*  ge- 
latin. 


2.  Tendon 
consists  en- 
tirely of  ge- 
latin. 


3.  Ligament 

it  moclifie<l 

coagulated 

albumen, 

containinra 

portkmof 

gelatin. 


Cartilage  Is 
fioagnlated 
albumen, 
containing  a 
little  gela- 
tin. 


AVALTSIS  OfP  01I0AII12BD  VABTC. 

I.  Membrane  is  a  thin,  transparent  covering,  with  wUdi 
different  parts  of  the  body  are  enveloped*  The  dura  and  pit 
mater,  the  pleura,  peritoneum,  and  periosteum  are  all  ex- 
amples of  membrane.  It  is  susceptible  of  being  tanned  and 
converted  into  leather.  When  boiled  a  long  time  in  water, 
it  dissolves  almost  entirely,  and  the  liquid  formed  is  found 
to  be  a  solution  of  glue.  When  burnt,  it  leaves  scarcely  any 
residuum.  There  can  be  no  doubt,  that  membrane  consists 
almost  entirely  of  gelatin. 

II.  Tendons  are  too  well  known  to  require  description. 
In  common  language,  they  are  called  sinews.  When  boSed 
a  sufficient  time  with  water,  they  are  completely  disaolved, 
and  converted  into  gelatin. 

III.  Ligament,  the  substance  which  binds  the  bones  toge- 
ther, differs  somewhat  in  chemical  nature  from  the  sub- 
stances just  described.  When  boiled,  it  yields  a  portion  of 
eelatin;  but,  so  far  from  dissolving  entirely,  it  retains  its 
form  and  even  its  strength.  It  is  not  unlikely  that  the  part, 
which  is  insoluble  after  long  boiling,  is  coagulated  alba- 
men,  somewhat  modified. 

IV.  Cartilage  differs  essentially  from  both  membrane, 
tendon  and  ligament.  It  appears  to  yield  a  portion  of  gela- 
tin by  boiling;  but  the  great  mass  of  it  is  composed  of  a 
substance,  insoluble  in  hot  water,  and  analogous  in  its  na- 
ture to  coagulated  albumen. 


SECTION  VI. 


(iland  is  a 
very  hete- 
rogeneous 
substance. 


OF  GLAND. 

1.  Glands  are  very  complex  bodies,  made  up  of  several 
distinct  parts.  The  great  mass  of  them  is  composed  of 
blood-vessels.  These  vessels  are  held  together  by  a  kind  of 
cellular  texture,  which,  together  with  the  blood  pervading 
them,  and  the  excretory  vessels  of  those  performing  secre- 
tions, may  be  considered  as  comprising  their  whole  sub- 
stance. There  is  very  little  doubt,  that  they  consist  almost 
entirely  of  gelatin. 


SFXTION  VIL 


Drain  de- 
scribed. 


OF  BUAIN  AND  NERVE. 


1.  Brain  is  a  soft  substance,  possessing  a  soapy  feci. 
Its  specific  gravity  exceeds  that  of  water.  When  kept  in 
close  vessels^  it  has  very  little  tendency  to  undergo  putre- 


GLANIV-BEAIM  AMD  KEttTft.  54| 

faction*  Under  such  ctrcunistances,  it  has  remained  a  whole  ckaf.IL 
year  without  experiencing  hardly  any  change.  But  when 
csqKMed  to  the  open  air  at  the  temperature  of  60P,  in  a  few 
days  it  becomes  green,  exhales   a  very  fetid  odour,  and 
gives  out  abundance  of  ammonia. 

2.  Cold  water  does  not  dissolve  brain;  but  when  tritu- 
rated with  this  substance,  a  kind  of  emulsion  is  formed, 
which  partly  coagulated  by  heat,  or  by  the  action  of  acids 
or  of  alcohol.  The  part  which  coagulates  is  found  to  be  al- 
bumen. 

3.  When  brain  is  triturated  with  diluted  sulphuric  acid,  Eft«eior 
the  exception  of  its  albuminous  part,  it  is  totally  dis- 1|^^2^ 

adved.  This  solution,  by  evaporation,  deposites  crystals  of  it; 
sulphate  of  ammonia;  and  when  this  operation  is  continued 
to  dryness,  a  black  mass  is  obtained,  which  is  partly  soluble 
in  water.  The  insoluble  portion  is  charcoal;  while  the  so- 
luble portion  is  found  to  consist  of  the  sulphates  of  ammo- 
nia and  of  lime,  phosphoric  acid,  and  the  phosphates  of  so- 
da and  of  ammonia.  The  sulphuric  acid  of  the  sulphates  of 
ammonia  and  of  lime  is  derived  from  the  solvent;  so  that 
it  would  appear,  that  the  salts  contained  in  brain  are  the 
phosphates  of  lime,  of  soda,  and  of  ammonia.  Tracen  of 
sulphate  of  lime,  however,  are  detected.  All  these  Mils, 
taken  together,  do  not  amount  to  more  than  ^ivth  part  of 
the  weight  of  brain. 

4.  Nitric  acid  also  dissolves  the  whole  of  brain,  except  and  of  ni- 
the  albuminous  part.  When  the  solution  is  concentrated  by  *™*  *^^ 
heat,  carbonic  acid  gas  and  dcutoxide  of  azote  (nitrous  gas) 

are  given  out,  and  afterwards  a  large  quantity  of  ammonia 
is  disengaged.  There  remains  a  bulky  charcoal,  mixed  with 
a  quantity  of  oxalic  acid. 

5.  According  to  an  analysis  performed  by  Vauquelin,  lOOiu  comp«. 
parts  of  brain  are  composed  of  StSngto 


Water 

80-00 

White  fatty  matter 

4*53 

Reddish  fatty  matter 

0*70 

Albumen 

7-00 

Osmazome 

1-12 

Phosphorus, 

1-50 

Acids,  salts  and  sulphur 

■ 

5.15 

lOQ-OO 

6.  Supposing  the  salts  of  Vauqurlin's  analysis  to  be  the 
same  as  those  just  stated  to  exist  in  brain,  then  the  ultimate 
constituents  of  this  substance  would  be  oxygen,  azote,  hy- 
drogen, carbon,  phosphorus,  sulphur,  sodium  and  calcium. 

7.  Anatomists  have  ascertained,  that  the  nerves  are  com- 
posed of  small  fibres,  consisting  of  a  substance  analogous  to 
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Fabt  n.  brain,  and  invested  by  a  membrane,  which  appears  to  be  de- 
^^^^  ^^^'  rived  from  this  organ.  Vauquclin  has  found  them  to  possess 
Nerves,  the  same  chemical  nature  as  braiB.  The  same  is  true  with 
the  tame  ia  reeard  to  the  medulla  oblongata  and  medulla  spinalis. 

ohemioal  "  w  » 

nature  aa  

brain.  ■■   » 

SECTION  VIII. 

OF  MARROW. 

Marrow  of      1.  Ik  the  cavities  of  the  long  bones,  there  is  found  a  pe- 

^e  ox,  not  cuiiar  substance  of  a  fatty  nature,  which  is  denominated 

from  hu-     marrow.  Berzelius  has  examined,  in  detail,  the  chemical 

man  mar-    properties  of  this  substance,  as  it  exists  in  the  thigh  bone  of 

^*  the  ox.  As  it  is  not  probable,  that  the  marrow  of  human 

bones  differs  essentially  from  ox  marrow,  it  may  not  be 

without  its  use  to  give  the  result  of  this  examination. 

Its  anaijrii,     2.  Cold  water,  when  digested  upon  ox  marrow,  takes  op 

doete^"    ^^^^  liz^^  part  of  this  subsUnce,  which  is  ascertained  to 

consist  of  coagulated  albumen  mixed  with  phosphate  of 

lime   and  of  iron,  gelatin,  and  the  peculiar  extractive  of 

Thouvenel.  Boil'uig  water  causes  it  to  melt  and  swim  on  its 

surface,  and  dissolves  a  part  of  it,  which  is  found  to  c(»- 

sist  chiefly  of  extractive,  gelatin,  and  a  peculiar  matter,  ap- 

proaching,  in  properties,  to  coagulated  albumen. 

3.  If  marrow,  after  having  been  thus  subjected  to  the  ac- 
tion of  hot  and  cold  water,  be  melted  and  passed  through  a 
cloth,  a  portion  remains  on  the  cloth  consisting  of  blood- 
vessels &c.  It  may  now  be  considered  as  being  in  a  state  of 
purity. 
Pure  mar-  ^»  Pure  marrow,  thus  obtained,  is  a  soft  substance,  having 
row  descri-  a  bluish-white  colour,  and  rather  sweetish  taste.  It  melts 
when  heated  to  the  temperature  of  11 3*^.  When  distilled,  it 
yields  a  liquid  and  a  solid  oil,  water,  carbonic  acid  gas  and 
bihydroguret  of  carbon,  and  there  remains  a  dark  brown 
and  brilliant  charry  matter,  amounting  to  Ty^th  part  of  the 
marrow  employed. 

5.  Berzelius  states  the  constituents  of  100  parts  of  ox 
marrow  as  follows: 

Pure  marrow  96 

Skins  and  blood-vessels  1 

Albumen 

Gelatin 

Extractive 

Peculiar  matter 

Water 

100 


I 


o 
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6.  From  this  statement,  it  appears,  that  marrow,  as  it  is  Chaf.  n. 
found  in  bone,  is  composed  sdmost  entirely  of  a  peculiar  """"""*"" 
fixed  oil,  to  which  Berzelius  gives  the  name  of  pure  mar- 
row. All  the  component  parts  of  marrow,  exclusive  of  the 
phosphates  of  lime  and  of  iron,  may  be  referred  to  oxygen, 
azote,  hydrogen  or  carbon  as  ultimate  constituents. 


SECTION  IX* 

OF  HACB. 

1.  Vauqj/elin  has  published  a  minute  analysis  of  human  AraJjiU  of 
hsur.  By  means  of  a  Papin's  digester,  this  chemist  was  en-  ^,S„*J!JJ| 
abled  to  dissolve  this  animal  substance,  which,  at  the  boiling  by  Yanqiw- 
teftiperature,  is  insoluble  in  water.    The  solution  contains  a^ 
kind  of  oil,  which  may  be  separated  by  the  filter. 

2*  The  filtered  solution,  when  treated  with  an  infusion  of 
nut-galls,  lets  fall  a  copious  precipitate,  which  Vauquelin 
considers  to  be  inspissated  mucus,  but  which  is  considered 
by  Hatchett,  with  more  probability,  as  some  modification  of 
coagulated  albumen.  When  silver  is  exposed  to  its  action, 
it  is  blackened,  which  indicates  the  presence  of  sulphur. 
When  very  much  concentrated  by  evaporation,  it  does  not 
gelatinize.  This  would  appear  to  show  the  absence  of  gela- 
tin, but  Achard  and  Hatchett  have  proved  by  experiment, 
that  hair  contains  a  portion  of  gelatin,  to  which  it  owes  its 
suppleness  and  toughness. 

3.  When  alcohol  is  digested  upon  black  hair,  it  separates 
from  it  two  kinds  of  oil;  one  of  which  falls  in  the  form  of 
white  shining  scales,  as  the  alcohol  cools,  while  the  other, 
which  is  greyish-green,  is  obtained  by  evaporation. 

4.  When  hair  is  incinerated,  the  ashes  amount  to  not 
tnore  than  1^  parts  in  the  100.  Vauquelin  found  these  ashes 
to  be  composed  of  iron  and  manganese,  phosphate,  sulphate 
and  carbonate  of  lime,  chloride  of  sodium  (muriate  of  soda), 
and  a  considerable  quantity  of  silica.  The  ashes  of  red  or 
white  hair  contain  less  iron  and  manganese  than  those  ob- 
tained from  other  varieties;  but  they  have  magnesia  as  an 
ingredient,  not  found  in  the  ashes  of  hair  of  other  colours. 

5.  From  these  various  data,  furnished  by  the  researches 
of  Vauquelin  and  Hatchett,  it  would  appear,  that  human 
hair  is  composed  of  the  following  substances: 

Coagulated  albumen,  somewhat  modified.  ttsocnsdtn^ 

Sulphur.  cnts. 

Gelatin. 

Two  kinds  of  oil. 
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fi^"  m  l^on  and  manganese.  _ 

~-^ — 1.  Phosphate,  sulphate,  and  carbonate  of  lime.  *'  ^ 

Chloride  of  sodium  (muriate  of  soda.) 
S  Hca.  " 

6.  From  the  above  statement  it  follows,  that  the  nhnuril 
constituents  of  hair  are  oxygtrn,  chlorine,  azote,  hydrogcBi 
carbon,  phosphorus,  sulphur,  sodium,  calcium,  silicum, iroii 
and  manganese. 


ted. 


//.  HEALTHY  PRODUCTS. 

Hcdihj  The  healthy  products  of  the  vital  action  of  the  hana 
product*  body  are  nearly  all  secretions.  They  will  be  arranged  as  {al- 
lows: 

a.  Products  of  the  digestive  function.^^These  arc  Cbfitt 
Blood,  and  Feces. 

All  the  remaining  healthy  products  are  secretions,  sad 
will  be  called  by  that  name  in  giving  the  remaining  groups 
of  the  arrangement. 

b.  Secretions  subservient  to  the  digestive  JunctiofU'-^Theae 
are  Saliva,  Gastric  Secretion,  Pancreatic  SecretioDf  and 
Bile. 

c.  Secretions  subservient  to  the  organs  of  sense^'^'^Thait  nt 
Trars,  Mucus  of  the  nose,  and  Ccrumtn  of  the  ear. 

d.  Sxri-tions  co  ri  tcined  in  circu  m  scribed  cavities.  — ^Thcsc  arc 
Humours  of  the  eye,  Liqaor  of  the  pericardium,  and 
Sinovia. 

c.  Secretions   cf  f2*i    excremcntitious    72 a/?/ re*.— These  art 

Urine,  .ind  Suear. 
f  Secretion^?  dcpeiident  upon  sexu.il  orgaTiization^-^Thcsi 

are  Semen,  >Iiik,  and  Liquor  of  the  amnios. 

The   healthy  products  will  be  noticed,  in  the  order  in 
which  they  have  been  named,  in  the  following  sections. 


a.  Products  of  the  Digestive  Fitnctirm, 

The  products  of  the  digestive  function  are  Chyle,  Blood, 
and  Feces. 

SFXTION  I. 

OF  cnYu:. 

Chyle  iiu-      1.  CiiYLE  is  thc  liquid  taken  up  from  the  food  in  thr  in- 
^*"  "^       testines,  after  the  latter  has  undergone  certain  changes  in  the 
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stomach.  Alimenttiy  matter,  thus  fitted  to. yield  chyle,  is  call-  Csa>.,il 
cd  chyme;  and  the  vesseb,  which  separate  the  chyle  from  it,  frott  die 
are  calkd  lacteals*   These  vessels  unite  togiether  and  form  arimeniiirt 
one  trunk,  called  the  thoracic  duct,  which  comniVimcates  ^[J^'J^ 
with  the  blood-vessels*    Chyle  is,  therefore,  a  product  of  into  the 
digestion,  which  passes  into  the  blood,  in  order  to  supply  ^fe^'^^' 
the  waste,  which  this  important  liquid  is  constantly  suffcrmg 
in  the  circulation. 

2.  It  is  only  within  a  few  years,  that  the  chemical  nature 
of  chyle  has  been  investigated.  The  ch\  le  of  the  horse  was 
examined  ezperimenully,  in  1811,  by  £mmcrt,  and,  in  1812, 
by  Vauquelin;  in  which  year  also,  Brande  examined  the 
nature  of  this  liquid.  In  1815,  Marcet  made  a  comparative 
examination  of  the  chyle  of  animals,  according  as  they  live 
upon  vegetable  or  animal  food. 

d«  Chyle,  examined  from  the  thoracic  duct  about  five  Cli^l«  d<^- 
hours  after  food  has  been  taken,  is  a  white,  opaque,  liquid^  tenbed. 
without  smell,  and  having  a  slightly  acid  taste,  mixed  with 
a  perceptible  sweetness.    In  about  ten  minutes  after  it  is 
dnwn,  it  coagulates  into  a  stiflf  jelly.  After  remaning  twen-  It  Mtgtt- 
ty-four  houis,  it  separates  into  two  distinct  parts;  afil'mi'*^^ 
eootmcted  coagulum,  and  a  colourless  liquid. 

4.  Vauquelin  considers  the  coagulum,  as  a  substance  in-  lueotgv- 
termediate,  in  properties,  between  albumen  and  fibrin.    He  ^^.  '"^^ 

•  ■«•*■  r  •#>  It-  nkcduite  bo* 

considers  it  in  the  course  of  conversion  from  albumen  to  tween  aibo- 
fibrin.  It  is  not  so  fibrous,  in  its  texture,  as  fibrin,  or  so  >^a  •nd  ff» 
easily  acted  upon  by  solutions  of  pure  potash  or  of  soda.  "°' 
When  burnt,  it  leaves  a  charcoal,  which  is  found  to  contain 
chloride  of  sodium  (common  salt),  phosphate  of  liikie,  and 
traces  of  iron. 

5.  The  liquid  part  of  chyle  becomes  coagulated  by  heat,  iti  liqiikl 
by  alcohol  and  acids;  hence,  therefore^  it-contains  albumciu  S|j^a2^ 
After  the  albumen  is  separated,  if  the  remaining  liquid  be  in«n  and 
evaporated  to  one* half,  in  a  heae  riot  exceeding  200^,  on  <^ool-  ^^^^ 
ing,  it  deposites  cr)  stals^  which  Brande  considers  to  be  sugar 

6f  milk. 

6.  From  the  foregoing  statement,  there  may  be  deduced 
Hie  following  constituenu  of  chyle: 

Water, 

A  substance  intermediate  in  nature  between  albumen 

and  fibrin. 
Albumen, 
Sugar  of  milk. 
Phosphate  of  lime. 
Chloride  of  sodium, 
Iron. 
T»  These  substances  may  be  referred  to  the  following  ul- 

3  % 
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PartIL   timate  constituents;  namely,  oxygen,  cUorine,  azote,  hfc 
?^'  ^^^'  drogen,  carbon,  phosphorus,  sodium,  calcium  and  iron. 

8.  The  chemical  account  of  chyle,  here  given,  can  be  con- 
sidered as  applying  to  the  chyle  of  the  horse  only.  There 
can  be  very  little  doubt,  however,  that  the  chyle  of  man  ii 
the  same  in  constituents,  varying  somewhat  in  the  propor- 
tions in  which  they  combine. 


SECTION  II. 

OP  BLOOD. 

Blood  de-        !•  It  can  hardly  be  necessary  to  describe  the  general  ap- 
seribed.      pearanccs  of  blood.  In  the  more  perfect  animals,  as  m  ma 
for  example,  it  has  a  red  colour,  an  unctuous  feel,  a  slig^y 
saline  taste,  and  a  peculiar  smeU.  The  mean  specific  gravi^ 
of  human  blood  is  1*0527. 
It  sepantet     2.  Blood,  soon  after  it  is  drawn,  coagulates  into  a  solid 
ou^^nt     ^^^^  which  slowly  separates  into  two  parts;  a  liquid  part, 
two  partt,    which  is  called  serum,  and  a  solid  part,  forming,  as  it  were» 
^^^■!d'    ^^  island  in  the  former,  which  is  called  crassaaciicun* 
crMMmen-  The  crassamentum  generally  constitutes  about  one-tMiith 
tarn.  of  the  blood;  but  its  quantity  is  not  imifonn.    In  some  rare 

cases,  it  is  said  to  compose  one-half,  and  in  others  only  ooe- 
fifth  of  the  mass  of  the  blood.  The  cause  of  the  spontaneoos 
decomposition  of  blood  is  not  satisfactorily  known.  It  takes 
place  equally  in  close  or  in  open  vessels,  or  whether  it  be 
allowed  to  cool,  or  is  preserved  at  the  animal  heat. 
1.  Serum  3.  Serum  is  a  light,  greenish-yellow  liquid,  having  the 

descnbeU.    taste,  smell  and  feel  of  blood,  but  much  less  consistency*  Its 
mean  specific  gravity  is  1*0287.    It  changes  some  vegetable 
blues  to  green,  owing  to  the  presence  of  soda*   When  heated 
to  the  temperature  of  156*^,  or  when  mixed  with  boiling  wa- 
ter, it  coagulates,  and  the  coagulum  proves  to  be  albumen* 
The  coagulation,  however,  is  prevented,  if  it  be  mixed  with 
six  times  its  weight  of  cold  water*    If  the  coagulum  be  cut 
into  small  pieces  and  squeezed,  a  liquid  is  forced  out,  which 
is  called  serosity.  Besides  albumen,  serum  contains  a  large 
proportion  of  water,  holding  in  solution  soda,  lactate  of  soda, 
chlorides  of  sodium  and  of  potassium  (muriates  of  soda  and 
of  potash),  and  some  animal  matter, 
lu  compo-      4.  Berzelius   found  the   constituents,  just   enumerated, 
coSg  to    combined  in  the  following  proportions  in  the  serum  of  hu- 
Berzeliusi    man  blood: 


BLOOD.  ^5 

Wtter  905*0       Chaf.ii. 

Albumen  80-0  '^ 


6.0 


Chlorides  of  potassium  and  of  sodium  1 
(muriates  of  potash  and  of  soda)     j 
Lactate  of  soda  with  animal  matter  4.0 

Soda,  phosphate  of  soda  with  animal  matter         4*1 
Loss  0*9 

lOOOK) 
5.  Dr.  Marcet  found  human  serum   composed  as  fol- tcoordinK 

lows:  ^  Mtr««. 

Water  900*00 

Albumen  86*80 
Chlorides  of  potassium  and  of  sodium  1 
(muriates  of  potash  and  of  soda)  j 

Muco-extractive  matter  4.00 

Subcarbonate  of  soda  1  -65 

Sulphate  of  potash  0*35 

Earthy  phosphates  [of  lime  and  magnesia]  0*60 

1000*00 
6m  Dr.  Marcet's  analysis  agrees  very  nearly  with  thatofBcneiiui's 
Bcrzelius  in  the  three  first  items.    Dr.  Thomson  considers  •^  ^•^ 
die  muco-extractive  matter  of  Dr.  Marcet  to  be  equivalent  ^^oJ!l^ 
to  the  lactate  of  soda  with  animal  matter  of  BerzeUus's  ana-  ed. 
lysis.    Berzelius  detected,  in  serum,  phosphate  of  soda, 
which  does  not  appear  in  Dr.  Marcet's  analysis.   The  soda 
in  the  first  analysis  was  no  doubt  in  the  state  of  subcarbo- 
nnte,  as  stated  in  the  second.  The  substances,  stated  in  the 
two  last  items  of  Dr.  Marcet's  analysis,  occur  in  exceed- 
iogly  minute  proportion.  Their  constituents,  except  the  pot- 
ash, are  considered  by  Berzelius  to  be  formed  during  in- 
cincration;  their  radicals,  namely,  sulphur,  phosphorus,  cal- 
dam  and  magnesium,  being  supposed  by  this  chemist  to  be 
component  parts  of  albumen. 

7.  The  crassamentum  of  the  blood  has  a  red  colour,  and  s.  CraH«r 
•oosiderable  consistency.  Its  mean  specific  gravity  is  about  ?^^",™. 
1*245.    When  washed  with  water  as  long  as  this  liquid  ab-  *^**° 
atracts  any  thing,  a  white  elastic  solid  substance  remains, 
which  is  found  to  possess  all  the  properties  of  fibrin.    The 
portion,  which  is  carried  off  by  the  water,  is  the  colouring 
matter  of  the  blood.  Besides  these  ingredients,  there  exists 

in  the  crassamentum  a  portion  of  albumen. 

8.  From  these  statements,  it  appears,  that  the  whole  of  Conititi]^ 
the  constituents  of  blood  are  the  following:  Ucm^ 

Serum^composed  of 
Water. 
Albumen. 
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Pavt  tl.  Chlorides  of  potassiam  and  of  Bodium. 

P**^  "'•  Lactate  of  sod^  with  animal  matter. 

Soda,  phosphate  of  soda  with  animal  matter. 
Crassamenturo^-compotcd  of 

Colouring  matter  of  the  hlood. 
Fibrin. 
Albumen* 
9.  AU  these  substances  may  be  referred  to  the  foUoviog 
ultimate  constituents;  namely,  oxygen,  chlorinr,  azote,  hj- 
drogen,  carbon,  phosphorus,  sulphur,  potassium,  sodium, 
calcium,  magnesium  and  iron. 
BkMdisdir-      10.  Very  little  has  been  done,  in  ascertaining  the  oompa- 
fert.nt  in     nitive  nature  of  blood,  in  different  animals,  at  different  sges 
^^^mim      of  the  same  animal,  and  as  altered  by  disease.  Rouelle  ex- 
amined the  blood  of  a  number  of  animals,  and  found  the 
same  constituents   in  all,  though   united  in  different  pro- 
portions. Fourcroy  has  examined  the  blood  of  the  huosn 
fcetus,  and  found  it  to  differ  from  adult  blood  in  the  fisUov- 
ing  particulars.  It  contained  a  larger  proportion  of  cokiiriog 
matter  and  of  a  darker  colour.  Albumen  was  present  in  it, 
but  no  fibrin  or  phosphoric  acid* 
DiicMrd         11-   The   blood   of  persons,  labouring   under  difiemt 
^iS^^  diseases,  has  been  examined  by  Deyeiut  and  FarMtnlier. 
That  peculiar   appearance,   which  blood   usually  c^Utt 
during  inflammation,  called  the  buffy  cc»at,  ia  found  to  he 
formed,  in  consequence  of  the  subsidence  of  the  colouring 
matter  of  the  blood  from  the  crassamentum,  thereby  leaving 
its  fibrin,  unmixcrd  on  the  surface.  This  appearance  of  blood 
seems  to  depend  upon  the  slowness  with  which  it  coagulates, 
or  its  want  of  viscidity.  The  blood,  drawn   from   patients 
labouring  under  scurvy,  was  not  found  to  differ  from  healthy 
blood,  except  in  not  being  so  easily  coagulated.    The  serum 
of  the  blood  of  diabrtic  patients  frequently  puts  on  the  ap- 
pearance of  whey.  It  has  been  ascertained,  that  blood,  when 
drawn  in  this  disease,  contains  no  perceptible  quantity  of 
sugar. 


SECTION  III. 

OF  FBCES. 

The  suite  !•  AvTER  the  food  has  undergone  certain  changes  in  the 
"^^^^^■"jrjj  stomach  by  ihr  action  of  the  prastric  secretion,  it  passes  into 
explained,  the  duodcnum,  where  it  underq^oes  further  changes  by  being 
\vliich  rc-    niixed  with  the  bile  and  pancreatic  secretion.  After  eiroeri- 

•ultb  in  ihc  .  ,  ,  ..*-         ,  rt-iiii         1  ■ 

formation  encing  these  t  hanges,  it  is  fitted  to  afford  chyle  by  the  action 
of  chTie      of  the  lacteals;  and  accordingly  these  vessels  separate  this 


y 
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liilky  fluid  from  the  alimentMy  niMs^'efpecitlly  in  the  small  Cb4p.u. 
iDtcstint:«,  M  it  passes  along  tiie  alinacntaiy  canri.  The  ■ 
whole  of  the  alimentary  mass,  however,  is  not  fit  for  con- 
fenion  into  chyle;  but  a  refuse  party  unfit  for  the  purposes 
aC  nutridon,  is  propeUed  successiirely  through  the  whole 
len|^  cif  the  tube^  and  is  ultimately  diseharged  per  anum. 
rhis  refuse  part  constitutes  the  feces*  >- 

%•  In  order  to  elucidate  the  process  of  digestion,  Berze-  Aoiiytit  of 
lltts,  in  1806,  undertook  ih€  disgusting  task  of  wudyziog^^^ 
human  feces.  The  result  of  this  chemisrs  researches  will  be  by  B«ne. 
|ivcn  in  die  present  section.  ^^^ 

9*  Feces  are  supposed  to  derive  their  colour  from  admix- 
tore  of  bile,  which,  being  present  in  different  proportions, 
Bftuaes  their  variety  in  this  respect.  Their  odour  is  tetid  and 
pei^iar,  and  changes  gradually  to  sourish.  Their  taste  is 
iweetish-bitter. 

4.  The  proportion  of  aqueous  parts  in  feces  is  variable.  As 
a  flicdtum,  it  may  be  considered  that  they  lose  about  three- 
GMiiths  of  their  weight  in  drying. 

5*  When  feces  are  diffused  through  water  by  maceration 
SDd  agitauon,  and  the  liquid,  thus  formed,  strsuned  through 
a  linen  dcth^  there  is  obtained  upon  it  about  seven  per  cent. 
df  a  greyish-brown  matter,  which,  upon  being  dried,  proves 
to  be  the  remains  of  animal  and  vegetable  substances  used 
aa  £ciod.  The  strained  liquid,  upon  standing,  deposites  a  yel- 
lowiah-grecn  slimy  matter,  amounting  to  fourteen  per  cent. 
of  the  feces  examined,  which  is  found  to  be  composed  of 
three  distinct  substances:  1.  A  fatty  matter,  resembling 
picromel,  uken  up  by  alcohol;  3.  A  peculiar  yellow-colour- 
ed substance,  which  may  be  separated  by  water;  and,  3.  A 
greenish-grey  substance,  neither  soluble  in  water  nor  alcohol, 
which  leaves,  when  incinerated,  some  silica  and  phosphate 
of  potash.  After  this  slimy  matter  is  separated,  the  liquid 
which  remains  is  at  first  of  a  light  yellow  colour,  but  after- 
wards, by  exposure  to  the  air,  becomes  brown,  and  at  last 
muddy.  When  concentrated  by  evaporation,  crystals  of  am- 
nsonio-phosphate  of  magnesia  make  their  appearance.  Besides 
this  triple  salt,  the  liquid  is  found  to  contain,  1.  Albumen^ 
amounting  nearly  to  one  per  cent.  3.  About  the  same  pro- 
portion of  a  mixture  of  picromel  and  soda,  which  Berzelius 
ccmsiders  as  bile.  3.  A  peculiar  reddish-brown  subsunce, 
soluble  both  in  water  and  alcohol,  and  precipiuble  by  a  small 
portion  of  tannin  in  the  form  of  a  red  powder,  in  the  amount 
of  S*9r  per  cent.  4.  Various  salu;  namely,  carbonate  and 
anlphate  of  soda,  and  phosphate  of  lime,  together  with 
chloride  of  sodium  (comoion  salt).  These  substances,  in- 
cluding the  arom«M[iio*pho8phate  of  magnesia,  constitute  1  *2 
per  cent,  of  feces. 
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Pamt  n.       6.  The  following  gutemcnt  gives  the  precise  result  of  dK 
^^"^  '"•  analysis  of  100  parts  of  feces,  aa  conducted  by  Bcrzchust 
Knuit  oi*  Water  73*1 

B«rxciiu»'i  Vegetable  and  animal  remains  T^ 

Slimy  matter;  consistmg  ot  altered  picromel,  a 
peculiar  yellow  soluble  substance,  and  agnxn- 
ish-grey  insoluble  substance  14*0 

Albumen  -9 

A  mixture  of  picromel  and  soda  "9 

A  peculiar  reddish-brown  substance  27 

Salu,  &c.  1*S 

100<0 
Tbe  MU'  7»  The  above  analysis  cannot  be  considered  as  very  saiis- 

''tit^iOTT  f^c^or}-.  The  chemist  is  presented  wiih  three  substancis, 
'  which  have  not  been  identified  with  any  known  lorais  of 
matter,  and  \  et  probably  are  not  peculiar  in  thrmsrlvei. 
These  substances,  indading  the  altered  picromel,  aoioiiiit 
to  more  than  three -fourths  of  the  feces,  exclusive  of  the 
aqueous  part  and  the  animal  and  vegetable  remains.  Coo- 
scquendy,  they  compose  the  great  bulk  of  this  aDimal  sub- 
stance, and  must  be  considered  as  its  most  chanicieriatic 
part.  It  would  be  important  to  have  the  peculiar  nature  of 
these  substances  satisfactorily  ascertained,  or,  oihervise, 
their  identity  with  known  forms  of  matter  manifested.  It 
cenainly  would  be  an  object  of  curious  inquiry  to  invntt- 
g^ati  the  -'f  juliaritics  in  the  constituents  or  manner  of  com'?i- 
r.aticr.  ot"  matter,  which  rcuJer  it  untit  to  be  absorbed  bvhe 
l.u";?.us.  W;!l  .my  particular  ultimate  constituent  be  found 

rcJ-r.J.m:  ir.  ^-ch  matter:   This  question   dcstr\-es  to  be 
•         .  •  J 


f».  >€.*••: ri.i ■*.-''  >'dh<tr'c'u'nt  to  th^  Di^tstivr'  Function. 

These  5c-wre:i."ns  arc  Saliva,  Gastric  Secretion,  Pancrcatiw 
Srcr«.:u:;  a;:J  Bile. 

SECTION  IV. 

OF  SAUVA. 

1.  Sa:  r.  A  i*  a  '.:  rpli  and  somewhat  viscid  liquid,  de?- 
.V  s«\l  :::.::c  ot"  Mste  or  *rQtll.  Its  specific  cravitv  is  ver\-  little 
^Tx.uer  ;han  :hat  ct  \v-::rr.  It  does  not  mix  readily  with 
M.iic  Vu:  V\  :r::ura:":-^^  in  a  mortar,  the  union  may  be  ef- 
iVjito..  I:  :<  <a:d  :.-  .ib^^rb  csygtn  readily  from  air.  AVh« 
tr::i;ra:ed  ^»  i:h  <evrr.i!  rt'the  metals,  as  gold,  silver,  or  mer- 
curv ,  ::  is  known  to  cause  their  esidizement.  When  cvapo- 
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IMcdt  it  swells  exceedingly  and  leaves  a  bromi-cdloured  Cwaf.ii. 
fnmu  When  dis.illed,  it  yields  water,  a  little  carbonate  oi 
iOnia,  some  oil,  and  an  acid. 

According  to  an  analysis  by  Berzeltusi  1000  parts  oflta  «ompo' 
sdiva  arc  composed  of  "^'®"* 

Water  992*9 

r  Pi  culiar  animal  matter  3*9 

Mucus  1'4> 

Chloridesofpotassium  and  of  sodium  1 
(muriates  of  potash  and  of  soda)     j 
Lacute  of  soda,  and  animal  matter  0*9 

Pure  soda  0*9 


1-r 


1000-0 
9*  In  the  above  analysis,  the  peculiar  animal  matter  pos- 
ises  the  properties  of  mucus,  as  heretofore  detailed;  while 
die  mucus  of  Berzelius  bears  a  close  analogy  to  coagulated 
■Ibumen. 

4.  The  peculiar  substance,  in  common  language  called 
rear,  .which  adheres  to  the  teeth,  was  found  by  Berzelius 
to  be  composed  principally  of  the  phosphates  of  lime  and 
wt  magnesia. 


SECTION  V. 

OF  THE  GASTRIC  SECRETION. 

!•  Vert  little  is  known  at  present  of  the  exact  chemical  Otitrio  it- 
nature  of  the  gastric  secretion.  The  accounts  of  different  o>^^io">^  • 
physiologists,  ^ho  have  examined  it,  are  so  discordant,  that  j^^Heotlj 
no  precise  notion  of  its  composition,  in  the  healthy  state,  aMcrtam- 
can  be  formed  from  them.  This  discordancy,  without  doubt, 
is  to  be  attributed,  in  part  to  the  difficulty  of  obtaining  this 
accretion  pure,  it  being  always  mixed  with  the  remains  of 
food  and  often  with  bile;  but  principally  to  its  natural  varia- 
tiona,  depending  upon  the  nature  of  the  food,  the  peculiar 
constitution  of  the  animal,  and  upon  the  longer  or  shorter 
time  after  a  meal,  at  which  it  is  examined. 

3*  Several  methods  have  been  employed  by  physiologists  Different 
for  obtaining  the  gastric  secretion  pure.  One  method  is  to  ™c^^<^*  <^ 
kill  an  animal,  after  it  has  fasted  for  a  considerable  time,  fromThe  ' 
and  to  take  the  secretion  from  the  stomach.  Another  me-  Btomaeh. 
thod  is  to  force  animals  to  swallow  tubes,  perforated  with 
boles  and  containing  dry  sponge,  and  afterwards  to  return 
tbcm  by  vomiting.  In  this  way,  Spallanzani  obtained  a  liquor 
from  the  stomach  of  crows,  wnich  he  considered  to  be  the  gas- 
tric juice.  No  dependence,  however,  can  be  placed  upon  any 
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Pabv  n.  method  for  obtainiog  this  8ecretioii»  of  which  Yomking  makes 
Book  nt.  ^  part;  aioce  io  alleges,  where  the  stomachis  nearly  empty, 
vomiting  produces  a  dischaige  of  bile.  A  third  -method^  for 
obtaining  the  secretion,  is  to  excite  vomiting  in  the  morn- 
ing before  taking  food.    This  method,   SpaiUnzani  and 
Gosse  practiced  on  themselves* 
Iti  proper*      3.  Spallanzani  found,  that  the  iiquid,  >  hich  he  direw  up 
^^**s^  in  the  morning,  and  which  he  considers  to  be  the  gastric  se- 
laQsuu.      cretion  in  a  pure  state,had  a  saltish  taste,  without  any  mixture 
of  bitterness.  When  first  ejected,  it  was  frothy  and  somewhat 
glutinous.    Upon  standings  it  deposited  a  scanty:  sediment, 
and  became  as  limpid  as  water.  It  had  no  tendency  to  pu- 
trefaction; for  when  kept  in  a  stopped  vial,  for  longer  than 
a  month,  exposed  to  the  heat  of  an  Italian  sammerf  it  un* 
dcrwcnt  no  perceptible  change. 
Prop«rtiet      4.  According  to  the  observations  of  Brugnatelli,  the  gas- 
trie  teere-'  ^^  sccretion  of  camivorous  animals  has  an  acid  and  rest- 
tion  of  mfe-  nous  odour  and  a  bitter  taste,  is  not  at  all  watery,  and 
Jj*^^''     consists  of  an  uncombined  acid,  a  resin,  an  animal  sufaotmoe, 
and  a  small  portion  of  common  salt.  According  to  Spalfam^ 
zani,  who  seems  to  have  settled  the  point  by  experiment, 
the  secretion  in  these  animals,  including  man,  is  neither  acid 
nor  alkaline  in  its  natural  state;  and  becomes  acid  only  by 
the  use  of  vegetable  food  in  large  proportion,  which  proper- 
ty it  derives  from  such  aliment  in  its  tendency  to  undergo 
the  acetous  fermentation.  Again,  Brugnatelli  asserts,  thit 
the  gastric  secretion  of  herbivorous  animals  has  a  bitter, 
saltish  taste,  and  contains  ammonia,  an  animal  extract,  a 
pretty  large  proportion  of  common  salt,  and  a  large  quantity 
of  water.  The  gastric  secretion  of  oxen  and  cal%res  has  been 
proved  by  Macquart  and  Vauquelin  to  contain,  invariably, 
uncombined  phosphoric  acid. 
Experi-  5.  It  is  much  to  be  desired,  that  an  elaborate  analysis  of 

fonn!!don'  ^^^  gastric  secretion  of  man  and  other  animals  should  be 
Tery  desire- performed  by  some  chemist  well  fitted  for  the  task.  It  is 
sub  ect^of    °^^  expected,  that  any  light  would  be  thrown  upon  the  fane- 
the'^g^ttric  tion  of  digestion  by  this  research;  for  it  would  seem,  that 
•eeretion,    this  operation  has  some  hidden  connection  with  vitality, 
with  which  chemistry  can  have  no  concern.    This  good, 
however,  might  fairly  be  expected  to  result  from  the  inves- 
tigation: it  would  illustrate  the  difficult  disease  of  dyspepsia, 
by  pointing  out  the  chemical  peculiarities  of  the  secretion 
in  particular  cases,  and  thereby  suggesting  the  appropriate 
remedies.  It  would  also  be  productive  of  important  advan- 
tages, by  ascertaining  in  what  cases  of  derangement  in  the 
digestive  organs,  the  gastric  secretion  of  particular  animah 
would  be  serviceable  as  a  rcmedv. 
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6«  On  the  subject  of  the  gastric  secretion  as  a  remedy,  it  Cbap.ii. 
may  be  proper  to  remark,  that  this  liquid,  derived  fron* xheeMtrie 
graminivorous  animals,  has  been  successfully  employed  asBeer«^cmlnl. 
an  external  application  to  ill-conditioned  ulcers,  especially  * '^"^^ 
such  as  have  a  sloughing  tendency,  and  are  attended  with 
great  pain.  The  ulcer  is  bathed  with  the  liquor,  and  then 
dressed  with  lint  moisti  ned  with  it*  It  is  considered  to  act 
as  a  stimulating  antiseptic.  B\  its  stimulus,  it  substitutes  a 
healthy  for  a  diseased  action,  and  by  its  antiseptic  qualities, 
it  destroys  the  fcetor,  which  is  an  invariable  attendant  upon 
such  ulcers.  In  some  cases  of  indigestion,  attended  by  vomit- 
ings of  acid  and  black  matter,  and  when  the  gastric  secre- 
tion has  lost  its  energy,  the  internal  exhibition  of  the  gas- 
tric liquor  from  ruminating  animals,  has  been  found  by 
Carminati  to  be  of  great  use.  The  dose  employed  was  one 
ounce  of  the  fresh  secretion.  This  same  philosopher  was 
enabled  to  cure  intermittents  by  the  use  of  the  liquor;  in 
which  cases,  he  increased  the  dose  to  three  ounces  a  day. 

SECTION  VI. 

OF  THE  PANCREATIC  SECRETION. 

1,  Nothing  is  known  as  to  the  cKemical  nature  of  this  Pancreatic 
secretion.  There  is  good  reason,  however,  to  believe,  that  it  •<^creii<m 

.     .,       ^     ^,°       ,.  '  supposed  to 

IS  very  similar  to  the  saliva.  resemble 

saliva. 

SECTION  vir. 

OF  BiLE. 

1.  Human  bile  is  a  liquid,  generally  viscid,  of  a  some- Human  bile 
what  bitter  taste.  Its  colour  is  variable,  being  sometimes  described. 
green,  sometimes  yellowish,  and  occasionally  nearly  colour- 
less. It  usually  contains  a  yellow  matter,  suspended  m  it» 
When  evaporated  to  dryness,  the  residue  is  a  brown  mass, 
amounting  to  about  -^th  of  the  weight  of  the  bile  experi- 
mented upon. 

2.  According  to  an  analysis  by  Berzelius,  1000  parts  of  Its  oomi^- 
hiiman  bile  are  composed  of  "*^- 

Water  908*4 

Picromel  80*0 

Albumen  3*0 

Soda  4-1 

Phosphate  of  lime  0*1 

Chloride  of  sodium  (common  salt)  3*4 
Phosphate  of  soda  with  some  lime       "         1-0 

1000*0 
4  A 
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Pavt  IL       s.  By  an  analysis  of  ox  bUe  performed  by  Tbenard,  it  ap- 

BooKill.  p^ar»^  that  this  liquid  contains  all  the  ingredienta  of  human 

Oz  ^^^  *P^  bile,  as  ascertained  by  Berzclias,  except  albumen;  and  tbe 

^I^^Sireii  additional  ingredients  of  resin,  which  may  be  conaidensd  m 

included  under  the  title  of  picromel  in  Berzelius's  analysis, 

yellow  matter,  which  is  probably  equivalent  to  the  albumen 

of  the  human  bile,  sulphate  of  soda,  and  oxidized  iron*  So 

that  the  real  difference,  between  the  bile  of  man  and  of  the 

ox,  consists  in  the  presence  of  sulphuric  acid  and  oxidized 

iron  in  the  latter,  not  to  be  found  in  the  former.  Thenard 

examined  the  bile  of  the  calf,  the  dog,  the  sheep,  and  the 

cat,  and  found  it  to  resemble  ox  bile  exacdy  in  proper- 

ties  and  constituents.  On  the  other  hand,  the  bik  of  ibe 

sow  was  found  to  differ  entirely  from  that  of  the  animab 

just  mentioned;    for  it  does  not  contain  albumen,  ammal 

matter,  or  picromel. 

uitiiDite         4.  The  substances,  enumerated  in  Berzelius'a  analysis  of 

^^"^I-^Jm    human  bile,  may  be  all  referred  to  die  following  ultioMte 

constituents;  namely,  oxygen,  chlorine,  azote,  hydrogen, 

carbon,  phosphorus,  sodium,  and  calcium. 


c.  Secretions  subservient  to  the  Organs  of  Sense* 

These  secretions  are  Tears,  the  Mucus  of  the  Nose,  and 
the  Cerumen  of  the  Ear. 

SECTION  VIII. 

OF  TEARS. 

1*  The  tears  are  a  transparent  colourless  liquid,  having 
scarcely  any  smell,  but  a  perceptibly  saltish  taste*  Their  spe- 
cific gravity  is  somewhat  greater  than  that  of  distilled  wa- 
ter. They  change  some  vegetable  blues  to  a  green;  which 
property  they  possess  in  consequence  of  the  presence  of 
Analpiiof  uncombined  soda.  When  exposed  to  the  air,  die  aqueous 
tears,  how  portion  c:raduallv  evaporates,  and  the  residue  assumes  some 
consistency.  When  brought  nearly  to  a  state  of  dryness, 
cubic  crystals  of  chloride  of  sodium  (common  salt),  combi* 
ned  with  a  portion  of  soda,  make  thtir  appearance.  When 
evaporated  completely  to  dryness,  they  lose  96  per  cent,  of 
water,  and  the  residue  is  a  yellow  matter,  having  the  pro- 
perties of  inspissated  mucus.  This  mucus  is  insoluble  in 
water,  which  is  supposed  to  be  owing  to  the  absorption  of 
c^xygen.  When  it  is  burnt  in  the  open  air,  the  residuum 
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oootUDs  traces  of  phosphate  of  lime  and  phosphate  of  soda*  Osap.  n. 
These  saltSy  together  with  the  uncombtned  soda  and  the  '" 

diloride  of  sodium,  amount  to  about  one  per  cent,  in  (he 
nauttttion  of  tears. 

S.  From  these  data,  it  may  be  suted,  that  100  parts  of 
are  composed  of 

Water  96 

Mucus  3 

Chloride  of  sodium,  soda,  phos-  1        ^ 
phates  of  Ume  and  of  soda         j 

100 
Sm  These  substances  may  be  all  referred  to  one  or  other 
c£  the  following  ultimate   constituents;    namely,   oxygen, 
chlorine,  hydrogen,  carbon,  phosphorus,  sodium  and  cal- 
cium. 


SECTION  IX. 

OF  THE  MUCUS  OF  THE  N08K. 

1.  BsasELius  gives  the  following  analysis  of  the  mucusof  Moooiof 
the  nose.  ^^^  "°^^ 

Water  933-7 

Mucus  53*3 

Chlorides  of  potassium  and  of  sodium  1  ^^^ 


(muriates  of  potash  and  of  soda)      J 
Lactate  of  soda  with  animal  matter  3*0 

Soda  0*9 

Albumen,  and  animal  matter  soluble  in  water   1 

but  insoluble  in  alcohol,  with  a  trace  of  phos-  >        3*5 
phate  of  soda  J 

1000*0 


SECTION  X. 

OF  THE  CERUMEN  OF  THE  BAR. 

1.  Cerumen  is  that  orange-yellow  subsrtance,  commonly  CemmenoC 
called  ear  wax,  which  is  found  in  the  auditory  canal.  It  is  ^^^bed 
secreted  by  glands  situated  on  this  canal,  and  is  at  first  li- 
quid, but  becomes  gradually  concreted  by  the  action  of  the 

Rir*  Its  taste  is  bitter.  When  heated  on  paper,  it  leaves  an 
oily  stain,  and  emits  a  slightly  aromatic  odour. 

2.  Fourcroy  and  Vauquelin  Consider  cerumen  as  oompo- It><so»*tit^!- 
sed  of  the  following  ingredients;  1*  albumen,  2.  an  inspissa-  ^°^'' 

ted  oil,  d»  ai  colouring  matter,  4.  soda,  5.  phosphate  of  lime. 
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d.  Secretions  eordained  in  CtracflueriM  CarnHm. 


These  secretions  arc  Humours  of  the  £ye.  Liquor  of  Ae^ic 
Pericardium,  and  Sinovia. 


Humours 
of  the  eye 
are  the  »• 
queoiit  and 
Titreous  ha« 
iDourt,  iind 
the  errstiU 
line  lent. 


Corapon- 
tion  of  the 
different 
bumoart. 


SECTION  XI. 

OF  THE  HUMOURS  OF  THE  ETE. 

1.  Anatomists  describe  three  distinct  transparent  lub- 
stances  as  filling  up  the  internal  cavity  of  the  eye,  under  the 
names  of  the  aqueous  and  vitreous  humours,  and  the  crys- 
talline lens.  These  substances  have  been  examined  chemi* 
cally  by  Chenevix  and  Berzelius. 

2.  The  experiments  have  been  made  chiefly  on  the  eyes 
of  sheep;  so  that  the  analyses,  which  will  be  given  in  this  i 
section,  are  to  be  considered  as  of  the  eye  of  this  ammal. 
But  as  there  is  no  perceptible  chemical  diflTereace  between 
the  humours  of  the  human  eye,  and  of  the  sheep's  eye,  what- 
ever may  be  said  of  the  humours  of  the  latter  may  be  con- 
sidered applicable  to  those  of  the  former. 

3«  Berzelius  found  that  100  parts  of  the  aqueous  humour 
are  composed  of 

Water  9«'10 

Albumen  trace. 

Muriates  [chlorides],  and  lactates  1'15 

Soda,  with  animal  matter  soluble  only  in  water  0'7S 

lOOKX) 

4.  This  chemist  found  the  same  ingredients,  united  in 
somfiuh  it  different  proportions,  in  the  vitreous  humour. 

5.  1 00  parts  of  the  cr}'stalline  lens  were  found  by  Ber- 
zelius to  be  composed  of 

Water 

Peculiar  matter 

Muriates  [chlorides],  lactates,  and  animal  mat- 
ter soluble  in  alcohol 

Animal  matter  soluble  only  in  water,  with  some 
phosphates 


} 

Portions  of  remaining  insoluble  cellular  membrane 


58-0 
35«9 

2-4 


1-3 
2-4 


lOOH) 
6.  The  peculiar  matter,  mentioned  in  the  foregoing  analy- 
sis, was  found  to  have  all  the  characters  of  the  colouring 
matter  of  the  blood,  except  the  colour.  When  burnt,  it 
leaves  a  small  residue,  containing  a  very  small  quantit)*  of 
iron. 
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f.  Leopold  Gmelin  has  been  enabled  to  ascertain  several  Chap,  il 
of  the  properties  of  the  black  pigment,  found  on  the  choroid  propeptic» 
OMt  of  the  eye.  He  collected  75  grains  of  this  substance  of  the  biaek 
inom  500  eyes  of  oxen  and  calves.  It  has  a  blackish-brown  ^^^^ 
ficdour,  and  no  taste.  When  applied  to  the  tongue,  it  ad-  the  oz. 
keres  like  day.  It  is  insoluble  in  water,  alcohol,  ether  or 
oils,  but  dissolves  in  solutions  of  potash  or  of  ammonia, 
from  which  it  may  be  precipitated  by  acids.  How  fisr  the 
black  pigment,  on  the  same  coat  of  the  human  eye,  may 
piacss  similar  properties,  remains  yet  to  be  ascertained. 


SECTION  XII. 

OF  THE  UQUOR  OF  THE  PERICARDIUM. 

1.  Dr.  Bostock  has  examined  this  liquor,  obtained  from  a  liquor  of 
boy  who  had  died  suddenly.  He  considers  it  to  be  compo-  2lrffJSi" 
Bed  of  the  following  constituents. 

Water  92.0 

Albumen  5*5 

Mucus  2'0 

Chloride  of  sodium  (common  salt)   0  5 

1000 


SECTION  XIII. 

OF  SINOVIA. 

1.  SiKOViA  is  a  peculiar  slippery  liquid,  found  in  the 
capsular  ligaments  of  joints,  and  intended  to  facilitate  the 
motion  of  bones  upon  each  other* 

2.  Margueron  has  analyzed  this  liquid,  as  it  exists  in  Analysis  of 
the  joints  of  the  ox.    How  far  it  may  be  the  same  in  the  Jj^^'e^o^ 
human  joint  remains  yet  to  be  ascertained.  In  the  mean  bow  coo-' 
time,  it  may  not  be  uninstructive  to  give  the  result  of  this  ^«ie<J  ^r 
chemist  s  analysis.  ron. 

3.  When  sinovia  is  treated  with  alcohol,  a  white  sub- 
stance precipitates,  possessing  all  the  properties  of  albumen. 
After  this  is  separated,  the  liquid  continues  as  viscid  as  at 
first;  but  if  acetic  acid  be  added,  it  loses  its  viscidity^  and 
there  precipitates  a  peculiar  fibrous  substance,  having  the 
colour,  smell,  taste  and  elasticity  of  vigetabte  gluten.  If 
this  fibrous  matter  be  separated,  and  the  remaining  liquid 


I 


AXAi.TBIS  OP  BBJkVrui  VKOOOm. 

I  concraiTMcil  by  cvaponboa,  tri-).taU  of  Bcetate  of  iodi» 
Ldeposiicd,  which  iauicMe  the  prescocc  of  *odi.  Whca  tb* 
■iiMvik  is  rif>oa«ii  u>  a  iry  aimoophcre.  tu  aqucoiu  pml 
gradiully  cvmpome,  and  then  rcouuia  a  scaly  mtduAl 
is  which  cubk  m Uah  of  cnloride  ol  aodium,anil  inlati 
OOtMiwing  of  carbotute  of  aoda  make  6dl  } 
:.  Wbeo  cipoicd  to  (lc»tnictivc  dUtiUatioa.  tte  | 
n  wurr,  U)c  itrac  liquid  cootainiog  iomp^u^ 
ipyrmfBUic  oil,  and  c-trbooatc  of  ammooia.  The  ftmfat 
a  a  coal,  coataioing  aomc  pboaphatc  of  lime. 

4.   According  to  Margucrna,   th«  consiiiucnu  of  NM*t* 
just  givm  are  combined  In  the  foUowijig  proportioto. 
Fibrous  raaiur  11'86 

Albumen  ♦■32 

Soda  Tl 

Qiloride  ofsodiun  (common  salt)  1'^^ 

Phosphate  of  lime  "70 

Water  ■0-44 


loomo 


r.  Stavtuttt  of  an  BxcrtmaOHiam  JW<«» 
These  secreaona  are  Urint  and  Swmt. 


SECTION  XIV. 


■McuvfaM  1*  Tma  aniitul  secretion  engaged  the  atteutiaQ  <f  dh*> 
iM*^B»-|Qisu  nt  a  very  eariy  period,  aa  being  the  liquid  fioa  vhich 
la  phosphorus  was  first  obtained.  The  laboun  of  Uw  s 


^•ewna  chemisu  were  chiefly  directed  to  obtaining  the  pboaphlric 

*^~         salts.   Schcele  was  perhaps  the  first  chemist,  who  advwml 

coosiderably  the  knowledge  of  the  componeot  paru  of  ariM, 

by  discovering  several  substances  not  b^we  susMCbid  to 

exist  in  it.  Since  his  time,  Cruickshanks,  Proust,  rattauj 

and  Vsuquelin,  and  Berzelius  have  made  a  ctMnpietn  isitt- 

tigation  <^  its  properties. 

HMiihr  S.  Healthy  urine,  at  the  time  it  is  voided,  is  a  trsnspaiat 

nr*!"^    liquid,  of  a  light  amber  colour,  aromatic  odour,  attd  4s- 

*^  agree^e  bitter  taste.  Its  specific  gravity  varie*  fraas  KU 

to  KUS.  UptKi  cooling.  It  loses  ita  arooutk  odoar^  md 

acquires  a  urinous  one*  la  a  few  days,  by  sUndiagi  itai- 


fgjttwt  an  odour  resembling  that  of  sour  milk,  and  ultimately  chap.  n. 

ijip  alkaline  smelL  '""^ 

By  much  the  greatest  bulk  of  urine  consists  of  water,  u  eooUiai, 
slios  has  ascertained,  that,  in  healthy  urine,  933  parts  ^*  Water: 
the  1000  are  water. 
ft4b  If  urine  be  evaporated  by  a  slow  fire  to  the  consistence 
4Fn  ayrup,  it  will  have  a  deep  brown  colour,  and  exhale  a 
Alid  aasmoniacal  odour.  When  this  syrup  cools,  it  forms  a 
Oljratallized  mass,  consisting  of  all  the  component  parts  of 
vrase.  If  this  mass  be  treated  with  four  times  its  weight  of 
alcohol  and  slightly  heatrd,  a  part  of  it  is  dissolved,  and 
die  alcohol  assumes  a  brown  colour.   If  the  alcoholic  solu- 
tioo  be  distilkd  in  a  retort  at  a  sand  heat,  until  it  is  reduced 
to  Ae  consistence  of  a  syrup,  at  which  period  all  the  alcohol 
w91  have  been  driven  off,  the  mass  obtained,  upon  cooling, 
aaaumes  the  form  of  crystals.   These  crystals  consist  of  3.  Urea, 
urea.  This  peculiar  subsunce  constitutes  about  30  parts  in  J'^^^  ■* 
99€ry  1000  of  urine,  including  the  water;  but  if  the  aqueous  terMtieil. 
portion  be  excluded,  it  forms  neariy  one-half  of  this  secre- 
tion. Urea  is  characteristic  of  this  liquid,  and  possesses  its 
taste  and  smell.  Its  presence  in  urine  may  be  detected,  very 
readily,  by  evaporating  this  liquid  to  the  consistence  of 
syrup«  and  then  adding  concentrated  nitric  acid.  This  acid 
will  fall  down,  combined  with  the  urea,  in  the  form  of 
white  shimng  crystals.* 

5.  Urine  is  capable  of  converting  some  vegetable  blues  to 
red.  The  uncombined  acid,  which  is  thereby  indicated,  was 
first  supposed  to  be  the  phosphoric  acid,  and  afterwards  the 
acetic  acid  by  Thenard;  but  Bcrzelius  has  shown,  that  it  is 
the  lactic  acid.  Besides  uncombined  lactic  acid,  Berzrliua  s.  Laetie 
has  detected  in  urine,  lactate  of  ammonia^  and  a  peculiar  f^^^'f**^. 

•       ■  i»i  i_-i_t      ^te  of  soda 

aninutt  matter  together  with  some  urea  which  cannot  be  and  animal 
separated  from  it.  These  three  ingredients,  according  to"^^|^' 
Bcraelius,  constitute  17*14  parts  of  urine  in  the  1000. 

6*  If  urine  be  slowly  evaporated  to  the  consistence  of  4  Chloride 
ajrrup,  a  number  of  crystals  will  make  their  appearance  on^'*'^*^"^- 
ks  surface.  These  crvstals  are  found  to  consist  of  chloride 
of  sodium  (common  salt). 

7.  If  urine  be  acidulated  with  nitric  acid  to  pfevent  the 
prect^tation  of  the  phosphates  which  it  contains,  upon  the 
additioo  of  chloride  of  barium  (muriate  of  barytes),  a  pre- 
cipitate falk  consisting  of  sulphate  of  barytes.  This  precipi-  s.Sniphatet 

of  potash 

"—"■"■"■~~"""~~""'~""""""""""""~^""""~"— """■"""■""■■"— "■"^""—  andofioda: 

*  The  reader,  who  wuhet  to  have  a  tlear  idea  of  Uie  nature  of  urine,  would  do 
well  to  reeur  to  the  teetiotii,  whieh  deterib*  una  aeid  and  urea,  to  refresh  his 
memory  on  the  tubjeet  of  their  properties. 
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p&BT  II.  tation  demonstrates  the  presence  of  sulphuric  acid  in  urine. 

^°°*  "'•  It  has  been  ascertained,  that  it  exists  in  combination  with 
potash  and  soda.  These  facts  were  made  known  by  Berzelios. 
8.  If  the  saline  mass,  which  remains  after  the  separatioa 
of  urea  by  the  action  of  alcohol  from  crystallized  urine,  be 
dissolved  in  a  sufficient  quantity  of  hot  water,  and  allowed 
to  crystallize  spontuieously  in  a  close  vessel,  two  distinct 
sets  of  crystals  will  be  formed.  They  may  be  separated 
from  each  other  by  exposure  to  a  dry  atmosphere;  the  upper- 
most set  will  effloresce  and  fall  to  powder,  while  the  low- 

6.  Phoi-  ermost  set  will  remain  unaltered.  The  former  it  found  to 
^aand  of  ^^"^^^^  of  phosphate  of  soda  united  to  a  small  quantity  of  phos- 
ammonia.    phatc  of  ammonia;  whereas  the  latter  is  composed  of  phosphate 

of  ammonia  combined  with  a  small  portion  of  phosphate  of 
soda.  These  salts,  as  they  exist  in  the  impure  saline  mass 
above  alluded  to,  were  formerly  known  by  the  names  of  fu- 
sible salt  of  urine  and  microcosmic  salt. 

7.  Hjdro-  9.  When  urine  is  cautiously  evaporated,  cubic  crystals 
chlorate  of  may  often  be  discovered  among  its  salts.  These  crystals 

are  ascertained  to  consist  of  hydrochlorate  (muriate)  (rf  am- 
monia. 

8.  Phot-  1 0.  If  liquid  ammonia  be  added  to  fresh  urine,  a  white  pow- 
phfttes  of  der  precipitates,  which  is  found  to  be  phosphate  of  lime  con- 
mAgnesui,  tammg  a  little  magnesia.  1  he  magnesia  is  ascertained  to  be 
and  hydro-  derived  from  some  phosphate  of  magnesia,  which  is  de* 
limer         composed  by  the  action  of  the  ammonia.   The  phosphate  of 

lime  contains  also,  according  to  Bcrzelius,  a  minute  portion 
of  hydroiiuate  (fluatc)  of  lime. 
o.Uricacide  11.  If  uHne  be  evaporated  to  ttt^^  P^**^  ^^  >^8  weight,  it 
lets  fall  a  subtle  powder,  which  adheres  firmly  to  the  bottom 
of  the  vessel  employed.  This  substance  is  uric  acid.  The 
quantity  of  this  acid  contained  in  urine  is  very  variable. 
The  brick-red  substance,  which  is  deposited  when  urine 
cools,  is  composed  of  phosphate  of  lime  and  uric  acid.  The 
presence  of  the  uric  acid  may  be  made  evident  by  dissolv- 
ing the  sediment  in  diluted  nitric  acid.  If  the  solution, 
upon  being  evaporated  to  dryness,  assume  a  fine  rose  colour, 
uric  acid  is  present.  This  solution  consists  of  purpurate  of 
ammonia; 

10.  Maous:  12.  The  cloud,  which  forms  in  urine  as  it  cools,  is  ascer- 
■"^  tained  to  consist  of  the  mucus  of  the  bladder.    It  may  be 

separated  by  the  filter. 

11.  Silica.        13.  Besides  the  substances  already  enumerated  as  consti- 

tuents of  urine,  Berzclius  has  detected  a  very  minute  por- 
tion of  silica  in  healthv  urine. 


muNs* 


561 


933*00 
30*10 

1M4 

4*45 

3-ri 

3*16 

12-94 

1-65 

1-50 

1-00 


ConiUtn- 
enti  of 
arine  ae- 

Bene 


igto 
uas. 


14.  The  following  table  exhibits  the  result  of  Berzelius's  CuiF.n. 
analysis  of  1000  parts  of  healthy  urine. 
Water 
Urea 
Free  lactic  acid;  lactate  of  ammonia;  andl 

animal  matter,  containing  urea  not  sepa-  > 

rable  from  it  j 

Chloride  of  sodium  (muriate  of  soda) 
Sulphate  of  potash 
Sulphate  oi  soda 
Phosphate  of  soda 
Phosphate  of  ammonia 
Hydrochlorate  (muriate)  of  ammonia 
Phosphates  of  lime  and  of  magnesia,  with-a  1 

trace  of  hydrofiuate  (fluaie)  of  lime  J 

Uric  acid  1*00 

Mucus  of  the  bladder  0*32  < 

Silica  0*03 


100000 
is.  Besides  these  constituents  of  urine,  as  ascertained  by  Beridef 
Berzelius,  other  chemists  have  detected  substances  not  men-  lh!!!tJ!!?' 

tioned  by  him.  thet-e  hare 

16.  When  fresh  urine  is  put  under  the/eceiver  of  an  air-  j!f*tlj'v' 
puaap,  air  bubbles  are  extricated,  which  prove  to  consist  of  others,  ^ 
carbonic  acid.  The  presence  of  this  acid  in  urine  was  first  *  .^rbonie 
ascertained  by  Proust. 

17*  If  hydrochloric  (muriatic)  acid  be  added  to  fresh  s.  Benzoio 
urine,  previously  evaporated  to  the  consistence  of  a  syrup,  *^^' 
m  precipitate  appears,  which  has  all  the  properties  of  benzoic 
acid.  The  quantity  of  this  acid  in  urine  varies  in  amount 
Irom  one  to  ten  parts  in  10,000. 

18*  If  an  infusion  of  tannin  be  dropt  into  urine,  a  white  s.Aibuman 
precipitate  appears,  which  has  been  ascertained  to  consist  of  *"^S<^^*^^' 
tannin,  combined  with  albumen  and  gelatin.  This  precipi- 
tate, according  to  Cruickshanks,  amounts  to  one  part  in  240 
of  healthy  urine. 

19.  When  urine  is  boiled  in  a  silver  basin,  it  blackens  the  4.Sulphar. 
metal;  and  if  employed  in  sufficient  quantity,  small  crusts 

of  sulphuret  of  silver  are  formed.   These  facts  prove  the^ 
presence  of  uncoinbined  sulphur  in  urine. 

20.  Hence  it  appears,  that,  besides  the  substances  enu* 
merated  in  Berzelius's  analysis,  urine  contains  carbonic 
and  benzoic  acids,  albumen  and  gelatin,  and  sulphur* 

21.  The  ultimate- constituents  of  urine  are  oxygen,  chlo- 
rine, fluorine,  azote,  hydrogen,  carbon,  phosphorus,  sulphur, 
potassium,  sodium,  calcium,  magnesium,  and  silicum. 

4B 
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PabtIL       22.  The  urine  is  akered  coostderably  in  iu  propertiesi 
^^^  ^''*  under  the  different  circumstances  of  heaiiih  and  disease.  In 
the  following  paragraphs,  the  most  remarkable  of  these  al- 
terations are  noticed. 

23.  The  quantity  of  urea  contained  in  urine  is  very  vari- 
able., In  the  urine  voided  soon  after  a  meal,  scarcely  any 
urea  can  be  detected.  In  chronic  hepatitis.  Rose  has  ascer- 
tained, that  the  urine  contains  no  urea.  This  fact  has  been 
confirmed  by  Dr.  Henry.  The  urine  which  flows  daring 
hysterical  paroxysms  is  known  to  be  abundant  and  quite 
limpid*  Urine,  voided  under  such  circumstances,  contains 
scarcely  any  urea  or  gelatin,  but  a  large  proportion  of 
salts. 

24.  Phosphate  of  lime  is  said  to  abound  in  the  urinb  of 
rickety  patients.  The  presence  of  this  salt  in  excess,  in  the 
urine,  might  very  reasonably  be  expected  in  this  disease*  It 
is,  however,  contended  by  some,  that  the  morbid  peculiarity 
of  the  urine  of  rickety  patients  consists  in  the  presence  of 
oxalate  of  lime. 

Pink-fo-  25.  The  pink-coloured  sediment,  which  appears  towards 
loured  tedi-  the  close  of  some  diseases,  and  is  called  by  physicians  the  la- 
^J^,  teritious  sediment  from  its  brick  colour,  was  considered  by 
Scheele  to  consist  of  uric  acid,  mixed  with  some  phosphate 
of  lime.  Proust,  however,  finds  the  acid  oF^is  sediment  to 
differ  from  uric  acid  in  several  particulars;  and,  considering 
it  as  peculiar,  has  given  it  the  name  of  rosacic  acid.  Ac- 
cording to  Proust,  the  lateritious  sediment  is  composed  of 
rosacic  acid,  mixed  with  a  small  proportion  of  uric  acid  and 
phosphate  of  lime.  Prout  considers  it  probable,  that  it  is  his 
newly  discovered  acid  (purpuric  acid),  combined  with  am- 
monia, or  perhaps  occasionally  with  soda.*  This  sediment 
is  deposited  towards  the  termmation  of  fevers,  especially  of 
the  intermittent  type.  It  falls  also  towards  the  termination 
of  a  paroxysm  of  gout,  and  during  the  course  of  diseases  of 
the  liver.  Attention  to  the  appearance  of  this  sediment  in 
urine  becomes  important,  as  it  indicates  the  close  of  most 
inflammatory  diseases. 

26.  The  quantity  of  albumen  in  urine  is  very  much  in- 
creased in  crrtain  diseases.  It  has  already  been  stated,  that 
the  proportion  of  this  substance  in  healthy  urine  is  very 
Albumen  of  small.  In  general  dropsy,  the  urine  is  loaded  with  albumen, 
creasedln  ^^^^^h  may  be  coagulated  by  heat,  or  at  least  by  acids.  In 
general  dropsy,  however,  complicated  with  disease  of  the  liver,  the 
<!iop8y,  but  urine  contains  no  albumen,  but  is  high-coloured  and  scanty, 
sy  from  (lis-  and  deposites  the  lateritious  sediment.  When  the  digestive 
eased  liver. _^_-^— — 

•  Prout,  Phil.  Trans.  (1818).  Part  II.  A^\ 
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irocesa  is  imperfectly  performed,  the  urine  is  found  to  fur-  Chat.h. 
ibh  a  copious  precipitate  with  tannin*   This  precipitate  is  ' 

iKtrtained  to  be  tannin,  combined  with  albumen  and  gela- 
Sn.  The  presence  of  albumen  and  gelatin,  in  large  propor- 
fioQ  in  urine,  is  indicated,  if  it  speedily  take  on  the  puire- 
hctive  process.  In  some  cases,  urine  becomes  putrid  as 
Mxm  as  voided.  This  occurrence  nfiay  always  be  taken  as  a 
lore  indication  of  some  defect  in  the  powers  of  the  digestive 
Of^ns* 

S7«  Bile  is  sometimes  found  in  small  quantities  in  the  urine  con- 
nrine,  especially  in  jaundice.  It  mav  be  detected  by  the  ad-  faini  bile  \u 
dition  of  hydrochloric  acid,  which,  if  bile  be  present,  wilr 
render  the  urine  green. 

28.  The  urine,  in  the  disease  called  diabetes,  has  a  sweet  and  saecha- 
taste,  and  is  found  to  contain  a  large  quantity  of  saccharine  ,""J^jabete«.^ 
matter*    In  one  case,  recorded  by  Dr.  Bostock,  the  sugar 
ccmtained  in  the  urine,  which  a  patient  discharged  in  twenty- 
four  hours,  amounted  to  twenty-nine  ounces. 

29.  The  tendency  of  urine  to  putrefaction  seems  to  de-  Urine  pu- 
pend  upon  the  facility,  with  which  its  most  remarkable  in-  ^^.^^J    ^ 

Eedient,  urea,  suffers  decomposition.  The  products  of  this  account' of 
composition  are  acetic  and   carbonic  acids,  and  ammo-  -^^  t«rmien- 
nia;  and  hence  the  ammoniacal  smell,  which  attends  the  pu-  imposition 
trefaction  of  urine.  The  ammonia,  thus  formed,  neutralizes  of  urea. 
the  free  lactic  acid  present  in  the  urine;  and,  as  a  conse- 
quence, the  phosphate  of  lime  precipitates,  it  having  been 
held  in  solution  by  this  acid.    It  also  combines  with  the 
phosphate  of  magnesia,  with  which  it  forms  a  triple  salt.  It 
neutralizes  the  uric  and  bc^nzoic  acids  naturally  prt- sent  in 
the  urine,  and  likewise  the  acetic  and  carbonic  acids,  the 
products  of  the  putrefaction.  Notwithstanding  all  these  com- 
binations, into  which  the  ammonia  enters,  it  still  remains  in 
excess*    From  this  statement,  it  may  be  inferred,  that  the 
putrefaction  of  urine  results  in  the  formation  of  a  number  of 
salts,  all  of  which  contain  ammonia. 


SECTION  XV. 

OP  SWEAT. 

1.  It  has  been  ascertained  by  experiment,  that  an  invisi-  Matter  i» 
ble  vapour  is  constantly  separating  from  the  surface  of  the  constantly 
body.  This  vapour  is  called  insensible  perspiration.  Under  *^*tlun!^"^ 
peculiar  circumstances,  however,  the  matter,  which  passes 
through  the  skin,  assumes  the  liquid  form,  and  then  it  is 
known  by  the  name  of  sweat. 
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Pakt  II.       ^  The  amount  of  the  insensible  perspiration,  for  a  givci 
Book  hi.  tioic,  has  not  been  precisely  deteroninecL*    Cruickslunkii 
Ani'^jnt  01' who  ascurtained  the  insensible  perspiration  of  the  handfor 
tn4«r'.Mbic    a  given  time,  calculates  that  for  the  whole  body,  to  be,  oo 
v^^n^^c^  an  average,  seven  pounds  six  ounces  troy,  for  twenty-four 
Ui^  It  »e-  hours.  Lavoisirr  and  Seguin  made  experiments  of  a  much 
ri^iitn'^rT  ^^^^  accurate  nature,  to  elucidate  the  same  point*  These 
chemists  noted  the  weight,  lost  by  an  individual,  in  igiren 
time,  both  by  respiration  and  perspiration*  They  afterwsrds 
»  ascertained  the  loss,  for  the  same  time,  by  respiration  alone. 

This  they  were  enabled  to  do,  by  enclosing  the  same  person 
in  a  bag  ot  varnshcd  silk,  completely  impervious  to  air  or 
vapour,  and  so  arranged,  by  glueing  the  edge  of  a  slit  in  it 
to  the  circumference  of  the  mouth,  as  that  respiration  might 
be  carried  on  in  the  open  air  without  inconvenienee.  By 
this  contrivance,  all  the  matter  emitted  by  the  lungs  was 
lost,  while  that  emitted  by  the  surface  of  the  skin  was  re- 
tained in  the  bag.  The  difference  in  weight  of  the  subject 
of  the  experiment,  just  after  entering  the  bag  and  just  be- 
fore  leaving  it,  must  give  the  amount  of  loss  by  respiration 
alone;  and  this  amount,  subtracted  from  the  loss  occuriog 
on  both  accounts,  will  give  the  amount  of  the  insensible  per* 
spi ration.  In  this  way,  Lavoisier  and  Seguin  ascertained, 
that  the  maximum  of  perspired  matter  in  a  minute  was 
26*23  grains  troy,  and  the  minimum,  9  grains;  which, 
culcaL:tcvl  ;U  a  medium,  gives  4  lbs.  4*89  ounces  as  the 
average  aiv.ount  o\  perspired  matter  for  twcnty-four  hours. 
S.«e..t  on-  3.  Sweat  is  chiefly  composed  of  water;  but  besides  this 
i!>\aicr  'Jqiiid,  s- veral  other  substances  have  been  discovered  in  it. 
4.  Air,  which  has  remained  for  a  long  time  in  contact 
with  the  skin,  is  found  to  consist  almost  entirely  of  carbonic 
acid.  ThcfL  being  no  increase  in  the  bulk  of  the  air  thus 
changed,  ii  becomes  a  question,  how  the  change  is  effected. 
-  Car.M!  Kithvr  carbon  must  be  emitted  and  afterwards  become  car- 
bonic acivl,  or  oxyc;vn  gas  must  be  absorbed  and  carbonic 
acil  nady  formed  be  sub*^cqucntly  thrown  out. 
l-actii  5.   Sweat  contains  an  acid.    Tiiis  was  at  first  supposed  lo 

be  the  rhosphoric  acid,  and  afterwards,  by  Thenard,  acetic 
acid;  hut  Bt  rzclius  has  rendered  it  probable,  that  the  acid 
of  sweat  is  the  lactic  acid. 
4.  Anin.'ii        0.   A  small  quantitv  of  animal  matter  was  obtained  from 
""'^^'-       s-'eat  by  Thenard.    This  chemist  supposes  it  to  be  simil.'.r 
to  jrclain  in  its  nature. 
(>i!ym.i'.       ".    H-  sides  tr.ese  ingrcdii^n's,  sweat  undoubtedlv  contains 
jr-  o  \     ni  tr-i,  from  whith  Cruickshanks  believes  it  t-">  dc- 
r-   V    ts  r.tlorous  properties.    It  is  well  known,  that  iht   dc^ 
*^nn    distinguish   his  master  by  the   «»ccnt.     Thi<   srcrn?!  tr- 
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prove,  not  only  the  odorous  nature  of  the  perspiration,  but  cbap.  il. 
«ho   its  peculiarity  in  every  individual,  in  the  negro,  the  ** 

•dorous  part  of  the  perspiration  is  in  great  abundance. 


/.  Skeretiom  depmieid  upon  Sexual  OrganixaHoHf 

Thkie  secretions  are  Semen,  Milk,  and  the  Liquor  of  the 
Aninioa* 

SECTION  XVI. 

OF  SEMEN. 

1*  Sexen  is  the  liquid,  secreted  by  the  testes,  and  intend- 
ed for  the  impregnation  of  the  female.  Heretofore  only  hu- 
man semen  and  the  milt  of  certain  fishes  have  been  subjected 
to  analysis*  It  is  intended  in  this  section  to  notice  the  che- 
mical nature  of  the  former. 

2m  Vauquelin  analyzed  human  semen  in  1794,  and  found  Anaiytu  of 
it  to  be  possessed  of  the  following  properties.  When  newly  *»«"»»"  ■«- 
^ected,  it,  is  evidently  a  mixture  of  two  different  substances; 
tne  oae,  liquid  and  milky  and  considered  to  be  the  secretion 
of  the  prostate  gland,  the  other,  thick  and  mucilaginous^ 
which  appears  to  be  the  true  secretion  of  the  testes.  Its 
smell  is  slightly  disagreeable,  and  its  taste  acrid  and  irrita- 
ting* Its  specific  gravity  is  greater  than  that  of  water.  As 
it  cools,  the  mucilaginous  part  becomes  transparent,  and  ac- 
quires greater  consistency;  but,  by  the  expiration  of  twenty 
minutes,  it  has  liquefied.  Before  this  spontaneous  liquefac- 
don,  semen  is  insoluble  in  water,  but  afterwards  dissolves 
in  this  liquid. 

.    3.  Vauquelin  gives  the  following   constituents  for  100 
parts  of  semen: 

Water  90 

Mucilage  [mucus]  6 

Phosphate  of  lime  3 

Soda  [carbonate  of  socfa]  1 

100 


SECTION  XVII. 

OF  MTUK. 

1.  Milk  is  the  peculiar  liquid,  secreted  by  certain  glands, 
with  which  the  female  of  a  particular  class  of  animals  cafled 
Mammalia  is  furnished,  and  intended  for  the  nourishment 
of  the  offspring. 
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hnll    '  S.  Aseordiii|[  to  die  pin  prapOMd-tt  be  adopted  in  4m1^ 

>'^"'-  work,  huBMB  milk  sboaU  iloiic  cone  atulcr  boUcc  Butvl* 

GanraMa  cows*  milk  conuhutn  a  very  iuottaat  put  of  tbe  foodt^B 

rffiilhl  '"*''•  '"'^  *'  *^  ""'^^  upoo  which  the  grcMest  number  flfW 

csperimentt  have  beea  mad^  it  is  proposed  in  ttiu  scciiN  1 

to  give  the  analytii  of  com*  milk.  Mid  iftcrwanls  to  take  *  I 

comparattve  view  of  hamaa  nulk.  | 

lUfHtM-      3.  TheieimfaleQualitieaof  ca«^ mitt  ara  too  well luovD  ' 

i*^  to  tcquire  detaiL  Ita  boiling  and  IncatDg  points  ai 

neariy  the  aame  with  tboae  of  water.    Ite  specific  gcwof  n 

between  that  of  water  and  of  Uood.  It  reddou  ngei^    I 

Unea. 

kb  t^       4.  Milk  may  be  readily  aepkratrd  into  three  parts.  WIkd 

*3J"**»^ dtowed  to  remain  at  rcrt  far  aome  timt:,  a  thick  uaciuoio 

■  ■■jMJ ]— "*■"  tuhatance  ctdlccta on iti  surface, denomioatcd  crvas. 

ndvk«r-    After  this  auhatance  U  arpanOcd  by   skimming,  the  ligvid 

which  remain*  it  modi  thmnei  than  UDskimined  milk,  ml 

haa  a  hluiah-white  colour.  Skim-milk,  by   being  hrBtnA  » 

ibe  temperature  of  about  100*>  and  the  addition  of  a  linlc 

remwt,*  coagolatea  into  a  atdtd  tremulous  mm.  This  mjii, 

l^oo  being  broken  into'pieces,  separates  into  iwo  d'utinct 

partii  the  one  aoBd  caned  curd,  the  other  li^juid  called 

wbey. 

LCnm        5.  The  peculiar  nature  of  cream  is  derived  from  thcpK- 

**;^  °f,  aence  of  a  concrete  oil;  but  besides  this  oil,  cream  concdn 

cd  wiJi       both  curd  and  whey.    The  oil  may  be  aeparated  from  die 

cuni  ud     (;urd  and  whey  by  agitation.    It  constitutes  the  wcD  known 

*   '''         article  of  food,  called  butter;  and  the  mechanical  procesi,  by 

which  it  is  separated,  is  called  churning. 

6.  Butter,  as  it  is  commonly  made,  still  contains  a  por- 
tion of  curd  and  of  whey.  If  heated  to  the  temperatun  of 
96°,  it  melts,  becomes  transparent,  and  has  the  appearance 
of  an  oil.  Tf  kept  far  some  time  in  a  melted  state,  a  litde 
curd  and  whey  separ.ile  from  it;  but,  after  this  separation,  it 
has  lost  its  peculiar  flavour. 

7.  Berzelius  hns  ascertained,  that  the  ingredients  of  cream 
are  united  in  the  following  proportions: 

Butter  4-5 

Cheese  [curd]  3'S 

Whey  93*0 

lOO-O 

8.  Thus  it  appears,  that  cream  contains  between  4  and  5 
per  cent,  of  butter;  and  that  butter-milk  consists  of  curd 

'  and  whey  without  any  oily  part. 

a  eoit  of  (he  alt'> 


MILK.  557 

fib  Butter  may  be  obtained  hy  agitating  or  churning  milk  Cwap.  n. 
tarly  drawn  J'rom  the  cow;  and  in  this  case  ;i  larger  pro-  Butter  ob- 
fortioo  of  butter  is  aflforded.    It  h-s  been  ascertained  also,  (»in*^'i.  ^'T 
Alt  akim-milk  and  trven  whey  still  contmue  to  contain  a^^""'^ 
Mrcion  of  the  oily  part  of  milk,  and  may  be  made  to  yield 
Mttcr  by  churning.  Sour  cream,  however,  is  gentrally  pre- 
faxed  for  oiaking  butter.  Such  cream  yields  as  much  but- 
ter as  fresh  cream,  and  requires  but  tmi. -fourth  as  much 
churning*    It  is  not  known  in  what  way  tiie  acidity  ol  the 
cream  operates;  but  it  has  been  observed,  that  butter  pro- 
duced from  such  cream  is  as  swert  as  any  othor,  while  the 
butter-milk  itself  is  not  so  sour  as  the  cream  troin  which  it 
bad  been  formed*    Hence  there  is  an  evident  disappearance 
of  acidity.   The  manner  in  which  churning  acts  is  not  well 
understood.  It  is  said  to  effect  thi  svpiration  of  butter,  even 
chough  the  contact  of  air  be  prevented. 

10.  The  usual  means,  by  which  skim-nnilk  is  separated  into  s-  Ourd  dc- 
curd  and  whey,  have  already  been  pointed  out.    Curd  is  a  ^*^^^- 
white  solid  substance,  possessing  a  good  deal  of  brittleness 

when  completely  separated  from  the  aqueous  parts.  It  may 
be  precipitated  from  skim-milk  by  means  of  acids,  which 
fall  in  combination  with  it.  It  may  be  afterwards  disengaged 
from  these  combinations,  by  digesting  them  in  the  solution 
of  acme  salifiable  base,  which  forms  an  insoluble  compound 
with  the  acid  present.  The  acid  combines  with  such  base, 
and  the  liberated  curd  dissolves  in  the  water.  Curd,  ren- 
dered soluble  in  this  way,  is  somewhat  altered  in  itb  proper- 
ties. Its  solution  has  a  yellow  colour,  and  some  resem- 
blance in  appearance  to  a  solution  of  gum.  When  evapora- 
ted to  dryness,  it  leaves  a  yellow  m  ss,  which  is  readily  so- 
luble in  water.  When  ito  solution  is  boiled,  a  pellicle  forms 
upon  its  surface,  nearly  insoluble  in  water,  and  similar  to 
that,  which  is  formed  upon  boiling  milk.  Curd  appears  to  Tt  is  a  kind 
be  closely  allied  to  coagulated  albumen  in  propenies.  It  is^wuIbS*" 
composed  oi  oxygen,  azote,  hydrogen  and  carbon.  men. 

11.  Curd  is  the  part  of  milk  from  which  cheese  is  made,  itformsthc 
The  richness  and  good  quality  oi  this  article  of  food  de-  ^^ 
pend  very  much  upoft  the   quantity  of  the  cream  or  oily 

part  of  milk,  which  may  be  allowed  to  remain  in  it.  If  the 
curd  be  too  much  heated  and  too  forcibly  pressed,  a  rich 
whey  is  driven  out,  and  an  inferior  cheese  is  formed.  On 
the  contrary,  if  the  heat  be  not  so  great,  and  a  slow  and 
gentle  pressure  be  employed,  the  oily  part  of  the  milk  re- 
mains in  the  cheese,  a  very  thin  and  colourless  whey  only 
being  forced  out. 

12.  Whey,  as  it  is  generally  obtained,  is  rendered  ™- J- Whey 
pure  by  admixture  of  curd.  It  may  be  separated  from  the  <««•«"«>«?»• 
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PiBT  II.  latter  by  first  filtering,  and  afterwards  boiling  it  for  some 
Book  III,  time,  and  carefully  separating  the  scum  which  collects  oa 
its  surface.  Whey,  when  thus  rendered  pure,  is  a  transpa- 
rent liquid  of  a  yellowish-green  colour  and  sweetish  taste. 
It  reddens  vegetable  blues,  owing  to  the  presence  of  lacuc 
acid*  The  greater  part  of  it  consists  of  water*  When  slowly 
evaporated,  it  at  last  deposites  a  number  of  white  crystals 
consisting  of  sugar  of  milk.  Besides  this  substance,  it  con- 
tains the  chlorides  of  sodium  and  of  potassium  (muriates  of 
soda  and  of  potash),  the  phosphates  of  lime  and  of  magne- 
sia, sulphate  of  potash,  a  peculiar  extractive,  and,  according^ 
to  Fourcroy  and  Vauquelin,  phosphate  of  iron. 
Oomposi-        13.  According  to  Berzelius  1000  parts  of  milk,  deprived 
tion ofiooo  Qf  jtg  cream,  are  composed  of 

Su^^lk.  Water  938-75 

Curd  with  a  little  cream  S8-00 

Sugar  of  milk  35*00 

Chloride  of  potassium  (muriate  of  potash)      1*70 
Phosphate  of  potash  0*35 

Lactic  acid,  acetate  of  potash,  with  a  trace  )   ^^^^ 

of  lactate  of  iron  j 

Earthy  phosphates  (phosphates  of  lime  and  1  ^.^ 
of  magnesia)  J 

1000*00 

14.  This  "analysis  of  Berzelius  of  skim-milk,  by  ex- 
cluding the  curd,  may  be  considered  as  giving  the  con- 
stituents of  whey.  When  taken  with  this  exception,  it  is 
perceived,  that  it  indicates  the  same  constituents  for  this 
part  of  milk,  as  those  already  given  upon  the  authority  of 
other  chemists;  with  the  exception  of  chloride  of  sodium 
(common  salt),  sulphate  of  potash  and  phosphate  of  iron, 
not  found  by  Berzelius,  and  with  the  addition  of  phosphate 
and  acetate  of  potash,  and  lactate  of  iron,  detected  by  this 
chemist  alone.  With  regard  to  the  iron,  it  is  seen,  that 
Berzelius  differs,  from  Fourcroy  and  Vauquelin  in  finding 
it  combined  with  lactic  acid,  instead  of  phosphoric  acid. 

15.  As  cream  is  composed  of  butter,  curd  and  whey, 
Berzelius's  analysis  of  skim-milk  may  be  considered  as 
containing  every  ingredient  of  milk,  except  the  oil  or  but- 
ter. Taking  his  analysis,  therefore,  with  this  addition,  milk 
may  be  stated  as  having  the  following  ultimate  constitu<entsf 
namely,  oxygen,  chlorine,  azote,  hydrogen,  carbon,  phos- 
phorus, potassium,  calcium,  magnesium  and  iron. 

Woman's  l^*  Woman\s  milk  differs  from  cows'  milk  in  the  fol- 
milk,  com.  lowing  particulars.  Its  taste  is  much  sweeter.  It  forms, 
cows'  ^k.  ^^cn  allowed  to  remain  at  rest,  a  more  abundant  cream, 
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which^  however,  cannot  be  made  to  yield  butter.  It  does  Chaf.  n. 
not  coagulate  by  any  of  the  means  which  succeed  with  cows' 
milk;  but  this  does  not  depend  upon  the  absence  of  curd, 
but  arises  from  the  small  portion  which  it  contains  of  that 
injgredient  of  milk.  Human  milk  yields  a  larger  proportion 
oitugar  of  milk  than  cow's  milk.  These  are  the  principal 
differences  between  cows'  milk  and  human  milk. 


SECTION  XVIII. 

OF  THE  LIQUOR  OF  THE  AMNIOS. 

1.  The  foetus  in  utero  is  contained  in  a  membranous  bag,  liquor  of 
called  the  amnios.  The  liquor  of  the  amnios  is  the  liquid,  [^^^^'J^'J^',^ 
with  which  this  bag  is  filled,  and  in  which  the  foetus  swims,  which  Uie 

2.  Hiis  liquor,  in  the  human  female,  has  a  slight  milky  *^^^ 
colour,  a  weak  pleasant  odour,  and  a  saltish  taste.  When 
evaporated  to  dr}'ness,  98*8  per  cent,  are  driven  off  in  the 
form  of  water,  and  the  residue,  amounting  to  1*2  per  cent. 
consists  of  albumen,  chloride  of  sodium  (common  salt),  car- 
bonate of  soda,  phosphate  and  carbonate  of  lime. 


III.  MORBID  PRODUCTS. 

The  morbid  products  of  the  human  body  come  next  un-  Morbki 
der  consideration:  These  are  either  S^e'iScr 

a*  Morbid  secretions;  as  pus,  liquor  of  dropsy,  and  liquor  of  •«««tioiM 

blisters;  or  tiom. 

h*  Morbid  concretions;  which  will  be  noticed  under  the  titles 

of  concretions  with  basis  of  phosphate  of  lime,  biliary 

concretions,  urinary  concretions,  and  gouty  concretions. 

Morbid  products,  thus  arranged,  will  be  treated  of  in  the 

seven  following  sections* 


a.  Morbid  Secretions, 

These  secretions  are,  Pus,  Liquor  of  dropsy,  and  Liquor 
of  blisters. 

SECTION  L 

OF  PUS. 

Pus  is  the  thick  liquid,  secreted  generally  by  tTie  surface  Pusitgf 
of  an  open  sore.  There  are,  however,  a  great  many  shades  j|«ff^«^"^ 
of  difference  in  this  animal  product,  as  secreted  from  sores 

4C 
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Vkvr  1L  in  different  states.  One  kind  of  it,  which  always  attendi  a  I 

Book  in  uker  while  in  a  healing  condition,  is  gcncraUy  culled  good 

pus.  It  is  proposed  first  to  consider  ihis  kind,  and  ai\a- 

wards  those  mo difi cations,  which  do  not  indicate  a  rcpan- 

tion  of  injured  parts. 

I  Qood  no*        I,  Good  pua  is  a  liquid  about  the  consistence  of  cream. 

'   '•••'™^-    It  has    a  yellowish- while  colour,  an    insipid  Ustc,  aad  do 

smctl  when  cold.  When  viewed  through  the  microscope,  it 

has  the  appearance  of  a  transparent  liquid,    in    which  white 

globules  are  swimming.     Its  specific  gravity   is  somewhai 

greater  than  that  of  water.  Hence,   when  thrown  into  tbii 

liquid,  it  sinks.    It  does  not  mix  readily   with  water.  By 

slight  agitation,  it  forms  a  milky  liquid,   but   the  pus  svkh- 

sides  again  by  rest.   Nevertheless,  by  repeated  agitation,  a 

permanent  mixture  may  be  formed,  which  passes  through 

the  filter  unaltered- 

AeiioB  of        Pus  forms  with  sulphuric  acid  a  purple -coloured  solution, 

w*  ''I^'''fio'n  which  it  may  be  precipitated  by  the  addition  of  water. 

It  dissolves  with  etfervesccnce  in  concentrated  nitric  acid, 

Iformtnt;  a  yellow  coloured  solution,  from  which  when  re- 
cent it  may  be  thrown  down,  in  the  form  of  grey  daics,  bf 
the  addition  of  water.  A  similar  solution  may  be  made  ia 
hydrochloric  acid  by  the  assistance  of  heat,  and  decompos- 
ed in  like  manner.  The  facts,  last  stated,  arc  sufficient  to 
distinguish  pus  from  mucus,  a  discrimination  of  some  im- 
portance with  regard  to  expectorated  matter. 
■nilofBleo-  P"s,  when  treated  with  alcohol,  is  not  dissolved,  but 
>>^  thickened.     With  solutions  of  potash  or  soda,  it  forms  a 

whitish  ropy  liquid,  which  is  decomposed  hf  wxter.  Aa> 
monia  first  reduces  it  to  the  state  of  a  traaspwcnt  jdlf^ad 
then  dissolves  it  partially. 

When  pus  is  dried  at  a  aoderatc  heat,  it  aaaonacs  Hat  ap- 
pearsDce  of  horn.  When  exposed  to  destructive  diatillation, 
the  chief  prtxlucts  are  water,  ammonia,  carbonate  of  ammo- 
nia, and  an  empyreumatic  oil.  The  residuum  is  a  li^t  tail- 
Uant  coal,  containing  traces  of  iron. 

No  precise  analysis  has  been  made  of  pus;  but  from  what 
has  been  already  said,  it  is  obvious,  that  it  bears  considera- 
ble analogy  to  albumen. 
ni^Mmdi-         II.  lil-conditioned  /nt9.~—T\\trc  are  a  great  many  shades 
sI^'mtmi  °^  difference  in  ill-conditioned  pus.  It  has  an  acrid  irrituiiig 
kindi.        nature,  a  fetid  smell,  and  much  less  consistence  than  goodr 
conditioned  pus.    That  secreted  by  what  is   called  the  hos- 
pital sore  has  been  examined  by  Mr.  Cruicksbanks.  It  pos- 
sessed most  of  the  properties  of  good-conditioned  pus.  Its 
fetid  odour  was  not  destroyed,  but  changed  by  Hme  watcn 
it  was  increased  by  sulphuric  acid  or  alcoho!;  but  vu  des- 
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^royed  by  nitric  acid  and  nitrate  of  mercury,  by  perchloride  Chaj.  n. 
>f  aiercury  and  chlorine.    These  latter  substances,  there-  ~ 

fore,  are  considered  by  Cruickshanks  as  the  proper  washes 
br  destroying  the  foetor  of  ill-conditioned  ulcers. 

III.  Matter  of  cancer.'^VYiit  matter  has  been  examined  Matter 
jy  Dr.  Crawford.  It  changes  soitte  vegetable  blues  to  green,  fw««d  ^ 
indicating  the  presence  of  an  alkaline  base.    When  treated  described. 
frith  sulphortc  acid,  a  gas  is  extricated,  having  the  proper- 

dea  of  hydrosulphuric  acid  (sulphuretted  hydrogen).  Dr. 
Crawford  supposes,  that  this  acid  exists  in  the  matter  com- 
Inned  with  potash.  Its  odour  is  coiMpletely  destroyed  by 
chlorine.  lience  this  supporter  is  recommended  as  the  best 
wash  for  cancerous  ulcers. 

IV.  Expectorated  matter. ^^'Dr.  Pearson  has  examined  Expeetora- 
with  much  care  the  different  kinds  of  expectorated  matter,  ^  iMtter. 
of  which  he  enumerates  seven.  All  these  kinds,  excluding 

true  pus,  he  finds  to  consist  of  water,  holding  in  solution  a 
quanti^  of  albumen  in  a  state  of  combination  with  potash, 
together  with  a  number  of  salts  in  small  proportion,  and 
traces  of  sulphur,  phosphorus,  and  oxidized  iron. 


SECTION  H. 

OF  THE  LIQUOR  OF  DROPSY. 

!•  This  liquor  has  a  yellowish-green  colour,  and  is  some*  Liqapr  of 
times  transparent  and  sometimes  turbid.  A  colourless  li*,^^^^' 
quor,  extracted  from  a  dropsical  patient  and  examined  by 
"Wurzer,  was  found  to  contain  albumen,  mucus,  hydrosul* 
Jihuric  acid  (sulphuretted  hydrogen),  phosphate  of  lime, 
chloride  of  scNlium  (common  salt),  and  soda.  Dr.  Bostock 
analyzed  a  liquor,  obuined  by  puncturing  a  tumour  on  the 
spine,  and  found  it  composed  oi  the  following  constituents. 
Water  97*8 

Chloride  of  sodium  (muriate  of  soda)    1*0 
Albumen  0*5 

Mucus  and  gelatin  0*7 

Lime  trace 

lOOO 
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Booi^  "I.  SECTION  III. 

LIQUOR  OP  BUSTERS. 

Conadtn-        1  •  Margueron  has  ascertained,  that  this  liquor  is  composed 

cnu  iifthe  Qf  ^p  following  constituents. 

Water  78 

Albumen  18 

Chloride  of  sodium  (muriate  of  soda)  2 
Carbonate  of  soda  1 

Phosphate  of  lime  1 

100 


lic|aor  of 
blitien. 


b.  Morbid  Ckmcretians. 

These  are,  Concretions  with  basis  of  phosphate  of  limei 
Biliary  Concretions,  Urinary  Concretions,  and  Gou^  Con* 
cretions. 

SECTION  IV. 

CONCRETIONS  WITH  BASIS  OF  PHOSPHATE  OP  LIME. 

Conere-  Under  this  title  may  be  enumerated  the  following  con-  * 

l^^^   cretions. 

phfMphate  L  Pincol  concretiofis.'^-^mM  concretions,  about  the  size 
oriimeare,  of  grains  of  sand,  are  frequently  found  in  that  part  of  the 
€ot!cr«.*^*  brain,  called  the  pineal  glan4f  Dr.  WoUaston  has  ascertain- 
tiofjs.  ed  that  thev  are  composed  of  phosphate  of  lime, 

2.  Salivary  I  J.  Salivary  concretions, — Small  concretions  are  some- 
l^Qnt^'       times    tounO  m  the   salivary  glands«   especially  the  parotid 

and  sublingual.  By  the  experiments  of  Wollaston,  Four- 
croy  and  others,  it  is  ascertained,  that  these  bodies  are 
composed  of  phosphate  of  lime,  together  with  a  mem- 
branous substance,  which  remains  undissolved,  preserv- 
ing the  shape  of  the  concretion,  after  the  phosphate  is  re- 
moved by  the  action  of  an  acid.  The  pancreatic  concretions 
are  supposed  not  to  differ  from  these  concretions. 

3.  Prtimo-  III.  Pulmonary  Concretionsm^^SmMj  round,  white  con- 
cretions are  frequently  coughed  up  by  persons  suffering  un- 
der diseases  of  the  lungs.  They  are  found  generally  to  con- 
sist of  phosphate  of  lime,  united  to  a  membranous  sub- 
stance, which  remains  and  retains  the  shape  of  the  concre- 
tion, after  the  phosphate  itself  is  removed  by  a  corrosive 
acid.  Occasionally  these  concretions  have  been  found  to  be 
composed  of  carbonate  of  lime* 


nai'v'  con 
cretioos. 
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Chap.il 

SECTION  V.  

OF  BIUARY  CONCRETIONS,  OR  GALL-STONES. 

1.  Concretions  occasionally  form  in  the  gall-bladder,  BUmutcob- 
and,  by  getting  into  the  gall-duct,  prevent  the  flow  of  the  |JJJJ^*^^ 
bile  into  the  intestines,  ahd  are  thereby  a  cause  of  jaundice*  nii-biid- 
It  is,  therefore,  of  some  importance  to  the  practitioner  to  ^^' 

be  acquainted  with  the  chemical  nature  of  these  substances. 

2.  Several  different  kinds  of  biliary  concretions  have  been  They  are 
distinguished,  founded  upon  their  external  characters.  u^I^^ 

3.  One  species  has  a  white  colour,  and  a  crystallized, 
shining,  lamellated  structm*e.  Occasionally  its  colour  is  yel- 
low or  greenish.  One  only  of  this  kind  of  biliary  concretion 
is  found  at  a  time  in  the  gall-bladder.  It  is  sometimes  as 
large  as  a  pigeon's  egg,  but  generally  much  smaller.  It  is 
formed  invariably  upon  a  nucleus  of  inspissated  bile.  Its 
specific  gravity  is  less  than  that  of  water.  When  exposed  to 
a  heat  of  about  278®,  it  softens  and  melts,  assuming  the  ap- 
pearance of  oil  and  giving  out  at  the  same  time  the  odour 
of  melted  wax.  When  the  heat  is  withdrawn,  it  again  crys- 
tallizes as  it  solidifies.  It  is  insoluble  in  water,  but  dis- 
solves in  hot  alcohol,  from  which  it  deposites  in  brilliant 
plates  upon  cooling.  It  is  soluble  also  in  oil  of  turpentine. 
From  these  facts,  it  is  evident,  that  this  species  of  concre- 
tion is  composed  of  a  peculiar  matter.  This  matter,  from 
its  resemblance  both  to  fat  and  wax,  was  called  by  Four- 
croy  adtpocire.  Chevreul,  however,  has  examined  it  more 
lately,  and  finds  it  to  possess  properties,  distinct  from  those 
of  adipocire,  and  proposes  to  caJl  it  choieiterine.  Pelletier 
and  Caventou  have  investigated  the  action  of  nitric  acid  on 
this  substance,  and  find  that  it  becomes  converted  into  a 
peculiar  acid  substance,  which  they  propose  to  call  choles- 
teric  acid.  This  new  acid  is  capable  of  forming  salts  with 
the  different  salifiable  bases. 

4.  Biliary  concretions,  belonging  to  the  species  next  to 
be  noticed,  have  a  polygonal  shape,  and  light  greyish-brown 
colour.  When  broken  they  exhibit  a  structure,  composed  of 
an  exterior  thin  crust,  consisting  of  concentric  layers  alter- 
nately crystallized,  and  enveloping  a  nucleus,  formed  of  a 
substance  resembling  granulated  honey.  Dr.  Thomson  ana- 
lyzed six  gall-stones  of  this  kind,  and  found  them  to  con- 
tain 96  per  cent,  of  adipocire.  The  remainder  was  made  up 
of  some  picromel,  and  a  very  small  portion  of  a  substance 
resembling  albumen. 

5.  Besides  these  kinds  of  biliary  concretions,  Thenard 
has  described  a  species  consisting  of  altered  matter  of  bile; 
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Pabt  ii.  and  Dr.  Saunders  another,  the  stones  belonging  to  iMl[i^t«^ 
Book  III,  are  insoluble  both  in  alcohol  and  spirits  of  turpentine,  JCt^ 

not  inflammable,  but,  when  exposed  to  heat,  become 

and  waste  away  to  ashes. 


SECTION  VI. 

OF  URINARY  CONGRETIOirS. 

UriniiT         ^*  ^'^  '^  ^^''  kno¥m,  that  concretions  sometimes  fim  ia 
^oncretioni  the  human  bladder,  and  give  rise,  by  their  presence,  ID  one 
fonn  ufthe  ^^  ^^  °^^^  painful  diseases,  to  which  the  body  is  Uibte. 
Madder.  3*  At  an  early  period,  these  concretions  engaged  die  8^ 

tention  of  physicians  and  chemists;  in  the  hope,  that  the  in- 
vestigation, by  ascertaining  their  constituents,  might  lead  to 
the  discovery  of  the  proper  solvents  when  die  slooe  is  at 
ready  formed,  or,  when  the  tendency  only  to  the  fijimMinii 
is  manifested,  of  the  appropriate  means  of  prevention* 
Kintacou-       ^«  Very  little  advance  was  made  in  the  investi|8don, 
rateijT  eza-  until  Scheele,  in  1 776,  published  a  dissertation  on  the  sublect 
Scheie  RDd  ^>^  the  Stockholm  Transactions;   which  was  folowed  by 
Bemaaninsome  remarks  by  Bergman.   No  very  importtnt  additions 
4mfoU^   were  made  to  the  observations  of  Scheele  and  Bergman, 
lowed  ID      until  1797,  when  Dr.  WoUaston's  experiments  and  cbserva- 
^^dcm  ^1^^  tions  appeared  in  the  Philosophical  Transactions,  foOoved 
woiuiiton  the  next  year  by  a  paper  from  Dr.  Pearsoo  on  the  shhm 
in  1797;  by  gubjcct.    THc  labours  of  thcsc  chemists  were  succeeded  by 
i79R?bv"*  *  most  complete  dissertation  on  urinary  calculi  by  Fourcroy 
Fourcrbj'&  and  Vauquelin  in  1799;  in  the  course  of  which,  these  che- 
inT/ggfind  ™>8t8  givc  thc  result  of  their  analysis  of  500  calculi.   In 
h)  Brande   1808,  Brande  published  a  paper  in  the  Philosophical  Trans- 
iD  1808.      actions,  in  which  he  gives  the  result  of  the  analysis  of  150 
calculi  from  the  Hunterian  Museum. 

4,  Urinary  calculi  are  very  various,  both  in  their  exter- 
nal appearance  and  in  their  composition.  It  would,  there- 
fore, be  impossible  to  describe  them  in  general  terms.  It  is 
proposed  first  to  give  an  account  of  all  the  substances 
hitherto  discovered  in  calculi,  and  afterwards  thc  descrip- 
tion of  the  d liferent  species  of  these  concretions,  as  founded 
upon  their  various  chemical  constitutions. 
Eleven  sub-  ^'  ^^^  substances,  heretofore  discovered  in  urinary  cal- 
suncet       culi,  are  the  following: 

liare  been  j.  uric  acid.  6.  Mag neaia. 

detected  in  o.  Phosphate  oflime.  7.  Phosphate  of  iron, 

•^^^culi.  3,  Phosphate  of  ma^nesia-and-  8.  Silica. 

ammonia.  9.  Urea. 

4.  Oxalate  of  lime.  10.  Cistic  oxide. 

'».  Hydrochloi-ate  (muriate)  of  11.  Mucus* 
ammonia. 


I*- 
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!•}  It  ha*  already  been  mentioned,  that  nric  acid  was  Cbav.il 
Covered  by  Schecle,  while  analyzing  urinary  calculL    It  i.tjricadd 
^  fiur  the  most  characteristic  ingredient  of  urinary  con-  diteoTcred' 
tions.  All  those  analyzed  by  Scheele  consisted  entirely  ^^J^^  ^ 
diis  acid*  It  was  found  in  almost  all  the  calculi  analy2^d 
Pearson,  Fourcroy  and  Vauquelin,  and  Brande,  in  larger 
imaller  amounu  Of  150  concretions  analyzed  by  Brande, 
men  were  found  entirely  composed  of  this  acid.   The 
MQce  of  uric  acid  is  easily  manifested  by  dissolving  any 
;ulus  in  a  solution  of  potash  or  of  soda,  and  precipitating 
aolution  formed  by  tiie  addition  of  a  weak  acid.    The 
:ipitat)B,  if  it  consist  of  uric  acid,  will  form  the  pink  so- 
sn  of  purpurate  of  ammonia  with  nitric  acid* 
1*^  Phosphate  of  lime  was  first  detected  as  an  ingredient  2.  Phot- 
innary  calculi  by  Bergman.  It  was  afterwards  found  by  ^^*^g^ 
;r  chemists,  but  WoUaston  was  the  first  to  discover  cal-  d^ted  bj 
I  colirely  composed  of  this  salt*   They  were  of  a  brown  B«>'8™>»- 
MUTf  smooth  externally  and  polished,  and  composed  of 
centric  layers,  easily  separable  from  each  other.   Calculi 
same  chemical  nature,  examined  by  Fourcroy  and 
ID,  were  white,  friable,  and  stained  the  hands. 
I*]  Calculi^  containing  phosphate  of  magnesia-and-am-  s.  Ammo- 
lia,  were  first  noticed  by  Tennant,  but  were  afterwards  "^'^^^ 
re   ftilly  investigated  by  WoUastra,  and  Fourcroy  andL4nMur, 
upicUa*    This  triple  salt  usually  occurs  in  white  semi- 
iB^parent  layers,  but  sometimes  on  the  surface  of  the  cal- 
ls in  crystals. 

4*]  Oxalate  of  lime  was  first  detected  in  urinary  calculi  4.  Oxalate 
w*  WoUaston.  Its  presence  characterizes  the  ^P^i^s  of  of  limefim 
I  concretion,  previously  denominated  mulberry  calculi  Dr.  WoU 
m  their  shape*   Calculi  of  this  kind,  examined  by  Dr.  ^^^ifon. 
»Ilaston,  contained  also  phosphate  of  lime  and  uric  acid; 
Fourcroy  and  Vauquelin  found  some  of  this  species 
ibined  only  with  animal  matter. 

5*]  Hydrochlorate  (muriate)  of  ammonia  was  first  de-  s.  Hydroehr 
ed  in  calculi  by  Brande;  who  considers  this  to  hdvej^^^l^ 
a  in  reality  the  ammoniacal  salt  present  in  urinary  cal-fintnotioed 
,   announced  as  a  urate  by  Fourcroy  and  Vauquelin*  ^y  Bnnde. 
M>rdingly  Brande  does  not  believe,  that  any  such  salt  as 
te  of  ammonia  exists  in  concretions  of  the  bladder. 
I.]  Alemani,  an  Italian  apothecary,  has  detected  magne-  S.MagDeaia 
and  phosphate  of  iron  in  a  urinary  calculus,  which  he*^""^ 
jected  to  analysis* 

r.]  Silica,  mixed  with  phosphate  of  lime^  and  occuring  r.  siUm. 
alculi  of  the  mulberry  species,  has  been  detecud  in  two 
lary  concretions  only  of  600,  which  were  examined  by 
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Past  II.  Fourcroy  and  Vauquelin.  These  calculi  were  particularif 
^^^  "'-  hard  in  their  texture. 
8.Ureafirtt  [®*]  '^^^  presence  of  urea  in  calculi  was  first  ascertained 
<ieteeted  bjr  experimentdly  by  Brande.  Fourcroy  and  Vauquelin,  how- 
Brande.  ever,  had  previously  suspected  its  existence  in  them.  It  miy 
be  obtained  from  the  calculi  which  contain  it,  by  digestioQ 
in  water  or  alchohol,  and  subsequent  evaporation. 
9.Cistio  [^*]  ^^*  WoUaston  has  detected  a  peculiar  substance  in 

oxide.  calculi,  to  which  he  has  given  the  name  of  cistic  oxide.  A 
small  calculus,  entirely  composed  of  this  substance,  was 
white,  dense  and  brittle.  It  dissolved  both  in  acids  and  in 
solutions  of  potash  or  soda,  and  formed,  with  either,  crys- 
tallizable  compounds.  It  was  insoluble  in  water^  alcdiol  or 
ether.  When  treated  with  nitric  acid,  it  formed  a  solutim, 
which  was  not  pink -coloured,  and  from  which  the  oxide 
might  be  precipitated  by  the  addition  of  water.  When  dis- 
tilled, it  yielded  carbonate  of  ammonia  and  oil;  and  the  re^ 
sidue  consisted  of  a  small  portion  of  phosphate  of  lime* 
10.  Animal  [10.]  All  calculi  contain  more  or  less  of  an  animal  mat- 
iBAtt^.  ter,  which  serves  as  a  cement  to  keep  together  their  other 
ingredients.  This  matter  had  been  considered  to  be  albu- 
men, but  the  more  probable  opinion  is,  that  it  is  some  modi- 
fication of  mucus,  derived  from  the  bladder. 

6.  Having  thus  given  short  notices  of  the  different  sub* 
stances  heretofore  discovered  in  calculi,  it  will  be  next  pro- 
per to  give  the  classification  of  these  bodies,  as  devised  by 
different  chemists, 
eiasaifica-        7.  By  far  the  most  complete  classification  of  calculi  is 
tion  of  cal-that  pursued  by  Fourcroy  and  Vauquelin,  founded  upon  the 
Foarcroy  k  results  of  the  examination  of  600  urinary  concretions.  These 
Vauquelin   chemists  divide  them  into  three  genera  and  twelve  species. 
^ntamsia  j»j^^  following  is  their  arrangement: 

Genus  I.  Calculi  composed  of  one  ingredient. 
Sp.  1.  Calculi  composed  of  uric  acid. 
Sp.  2.  urate  of  ammonia. 

Sp.  3.  oxalate  of  lime. 

Genus  II.  Calculi  composed  of  two  ingredients. 

Sp.  1.  Uric  acid  and  the  phosphates  in  layers. 

Sp.  2.  Uric  acid  and  the  phosphates  mixed. 

Sp.  3.  Urate  of  ammonia  and  the  phosphates  in  layers. 

Sp.  4.  Urate  of  ammonia  and  the  phosphates  mixed. 

Sp.  5.  The  phosphates  mixed  or  in  layers. 

Sp.  6.  Oxalate  of  lime  and  uric  acid  in  layers. 

Sp.  7.  Oxalate  of  lime  and  the  phosphates  in  layers. 
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GkNlTB  III.  Calculi  contaiDing  more  than  two  ingredientfl.  Chap.  If. 

Sp.  1.  Uric  acid  or  urate  of  ammoDia,  the  phosphates  and    " 
oxalate  of  liine* 

Sp.  2*  Uric  acid,  urate  of  ammonia,  the  phosphates  and 
silica. 

The  following  are  the  characters  of  these  different  spe- 
cies: 

Sp.  1.  £7ric  acrd!i-- Colour  that  of  wood,  with  various  Fmt,  or 
ahmdes  of  red  and  yellow.  Surface,  usually  smooth  and  po-  ^I^^J^ 
lished.  Texture,  laminar  and  radiated,  compact  and  finc« 
Specific  gravity,  from  1*276  to  1*786.  Soluble  in  solutions 
of  potasn  or  soda,  without  emitting  the  odour  of  ammonia. 
This  species  is  by  far  the  most  common  of  all.  Of  the  600 
calculi  examined  by  Fourcroy  and  Vauquelin,  one  in  every 
four  belonged  to  this  species. 

Sp.  2.  t/raf^  ^amm^nta.— -Colour  brownish- white.  Sur^Seeoadipc- 
face  often  crystallized.  Texture  laminar*  Lamine  easily"^' 
separable.  Specific  gravity,  from  l"2a5  to  1*720.  Soluble  in 
hot  wafer,  especially  if  in  the  state  of  powder.  Solution  in 
potash  or  soda  attended  by  the  odour  of  ammonia.  This  is 
a  very  uncommon  species.  Brande  considers  the  calculi  be- 
longing to  it  to  be  in  fact  composed  of  uric  acid,  urea  and 
hydruchlorate  of  ammonia. 

Sp.  3.  OATo/afff  o/*/im^.— -Colour  soot-brown.  Surface  co- Third,  or 
Vered  with  pointed  or  rounded  protuberances,  and  l^cnc*^  JJJjJ^^ 
called  the  mulberry  species.    1  exture  dense  and  hard,  re- 
sembling ivory.  When  sawn  asunder,  emitting  the  odour  of 
semen.  Specific  gravity,  from  1*428  to  1*976.    Insoluble  in 

Etash  or  soda,  but  soluble,  with  difficulty,  in  acids.  When 
mt,  leaves  a  residue  of  carbonate  of  lime.   This  species 
occurs  frequently. 

Sp.  4.  Uric  acid  and  the  phosphates  in  /tzy^r^.— Surface  Poarthipe- 
white  like  chalk,  or  sparry  and  semi  transparent,  according  ^^' 
fts  the  exterior  layer  happens  to  consist  of  the  phosphate  of 
Hme,  or  of  the  phosphate  of  magnesia.  Often  large.  When 
cut  asunder,  a  nucleus  of  uric  acid  presents.  Specific  gravi- 
ty very  variable.  One  in  ever}'  fifty  calculi  may  be  consi- 
dered as  consisting  of  this  species. 

Sp.  5.  Uric  acid  and  the  phosphates  wf:f^</.— -This  species  Fiahipe^ 
is  very  variable  in  its  appearance.    Specific  gravity  from^'*^'' 
1*213  to  1*739.  Its  proportional  occurrence  is  about  one  in 
every  forty  calculi. 

Sp.  6.  Uraie  of  ammonia  and  the  phosphates  in  layers* —  Sixth  spi^ 
This  species  does  not  differ  in  external  appearance  from  the  ^^^** 
fourth  species;  but  when  cut  asunder,  it  presents  a  nucleus 
of  urate  of  ammonia.  It  is  not  a  common  species.  ^        . 

Sp.  7.  Urate  of  ammonia  and  the  phosphates  7nixed.'-^Thi9  9ptf:\t%. 

4D 


578 


ANALYSIS  OF  MOBBID  PRODUCTS. 


Part  II.  spccies  reseiiibltrs  the  fifth,  but  may  be  distinguished  inni 
Book  111,  jj^  [jy  emitting  the   odour  of  ammonia  when  treated  wA 
potash.  The  calculi  belonging  to  this  species,  are  small  aad 
rather  uncommon* 
Eii^hih  spe-     Sp.  8*   The  phosphates  mixed  or  in  /ay^r^.— -This  species 
'i^'-  is  white  like  chalk,  friable,  and  soils  the   fingers  like  that 

substance.  Texture  laminar;  lamina  easily  separable.  Thin 
layers  of  phosphate  of  magnesia-and-ammonia,  sparry  and 
semitransparent,  often  interspersed*  Specific  gravity  from 
1*138  to  1*471*  Soluble  in  acids,  but  insoluble  in  potash  or 
soda*  It  occurs  in  the  proportion  of  one  in  fifteen  of  the  cal- 
culi, examined  by  Fourcroy  and  Vauquelin* 
Ninth  Bpc-  Sp*  9.  Oxalate  of  lime  and  uric  acid  in  datfers.^^^Thh  spe- 
cicsw  ^*,^s  occurs  either  composed  of  a  nucleus  oi  oxalate  of  Ume, 

covered  by  a  layer  of  uric  acid,  or  of  a  calculus  of  the  mul- 
berry species,  covered  with  a  layer  of  the  same  acid*  These 
varieties  are  easily  manifested  upon  sawing  the  calculus  in 
two*  It  occurs  in  the  proportion  of  one  in  thirty. 
Ttnth  ape-  Sp.  10*  Oxalate  of  lime  and  the  phosphates  in  layers^^^ 
tics.  This  species   is  characterized  by  a  nucleus  of  oxalate  of 

lime,  covered  with  a  coat  of  the  phosphates.  It  agrees  in  ex- 
ternal appearance  with  several  of  the  species,  but  its  pecu- 
liar nature  is  rendered  obvious,  when  the  calculi  belonging 
to  it  are  cut  asunder*  Next  to  the  uric  species,  this  kind  oc- 
curs most  frequently  in  urinary  calculi;  being  in  the  propor- 
tion of  one  in  five  of  those  examined  by  Fourcroy  and  Vau- 
quelin. 
Klevenih         ^P*  1 1*   f-^'*'^'  ^^-'^d  or  itratc  of  ammonia^  the  phosphates^ 
species.       and  oxalate  of  lime. — Calculi  ol  this  species  have  a  nucleus 
of  oxalate  of  lime,  covered  by  u  layer  of  uric  acid,  urate  of 
ammonia,  or  a  mixture  of  both,  with  an  external  coat  of  the 
phosphates. 
Tweirth  Sp.  12.   Uric  acid^  urate  of  ammonia^  the  phosphates  and 

.l»«;cics.  A77;cY/.— -Calculi  beloni}jing  to  this  species  have  a  nucleus, 
composed  ol  silica  and  phosphate  of  lime,  covered  bv  a  layer 
of  uric  acid  and  nrai-  oi'  afu.Tioi.ia,  with  an  exterior  coal  ot 
the  phr)sj)ii.'.t»'s.  (^..Icuii  belonging  to  this  species  will  rest-in- 
hi'.'  tho->e  r.t  stv<.!;.l  ollur  sptcies.  Their  distinctive  nature 
depends  upon  their  iiucrnal  an\uigcment.  They  are  of  vcr\' 
rare  o.ciiiivncc,  tV-ur  nniy  having  been  heretofore  observed. 

Arr.^nj^c-  ^»  The  nri  i:  f-.-.^i.  r.t  of  Fouicroy  -^nd  Vauquelin  of  uri- 

imiif  ot  niiiv   c  liruii    \\   c«.  ;i--i*.'v    w  r^    coivip! -te   and   satisfactorv. 

:iii(i  Van"-  tiavmg  had  tlv.-  ac:v;M,>...jt«  o;  c:\cH!;i:»i]jg  a  larger  number oi 
tHKiin,\try  thf^c  .  «'jncr't' "rK'  ih  .:i  .ny  uihir  ilniaists,  their  opportuni- 

Ui'l'i''.!-  *  ^' "^  u'l-i'"  i^reatrr  :  i  (•r..'.T\'<-  tIsL  proportional  occurrence  ol 

\\  .»i'i.-ton  lakuii  ch;-iiii(  .-illy  lis*  s.^mt.    I'l    a  piactical   point  of  view, 

liioniVun.]  ^'''-^tvcr,  so  minuio  a  ilivision  of  calculi,  as  adopted  hv 
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chemists,  can  hardly  be  deemed  of  advantage.  The  Chap.  n. 
fcllowing  arrangement  by  Dr.  Wollaaton,  in  this  respect,  praetieai; 
■nawers  much  better.  Calculi  are  divided  by  this  chemist  di^idin^ ' 

tw^fg^  ealeuli  into 

!•  Uric  cofcttfi.— Under  this  name,  are  included  such  cal- 1-  Urie  cal- 
culi as  are  wholly  or  chiefly  composed  of  uric  acid.  This  ^^' 
species  may  be  considered  as  corresponding  with  Fourcroy 
nid  Vauquelin's  first  species.  Calculi  belonging  to  it  are 
eompletely  soluble,  or  very  nearly  so,  in  solutions  of  pure 
potash  oc  soda. 

II.  FysUk  az&rt/tf.— This  species  includes  such  calculi  as  s.  FaiiUe 
•re  composed  chiefly  of  phosphate  of  lime,  and  phosphate  ^"°^' 
of  magnesia-and-ammonia.  It  may  be  considered  as  corres- 
ponding, perhaps,  with  the  4th,  5th,  6th^  7th,  lOdi,  11th  and 
ISch  species  in  the  arrangement  of  Fourcroy  and  Vauque- 
lin.  The  calculi  belonging  to  it  are  distinguished  by  melting 
iDto  an  enamel  before  the  blowpipe.  They  are  completely 
soluble,  or  nearly  so.  in  hydrochloric  acid. 

IIL  Mulberry  ca/n^/t.-— Under  this  name  are  included  3- Molber- 
by  Dr.  Wollaston,  such  calculi  as  are  composed  chiefly  o{^^*^' 
oxalate  of  lime,  or  of  oxalate  of  lime  and  phosphate  of  lime. 
This  kind  corresponds  with  the  3d,  10th  and  ptrhapa  the 
9th  species  of  Fourcroy  and  Vauquelin*s  arrangement.  They 
dissolve  slowly,  but  completely  or  nearly  so,  in  hydrochloric 
■cicL  When  there  is  any  residuum,  it  consists  of  uric  acid. 

IV.  Bone-earth  calculu — Under  this  epithet  are  included  4.  Booe- 
bjr  Dr.  Wollaston,  all  calculi  which  arc  composed  chiefly  of  JJJ?^  "^^ 
phosphate  of  lime.  This  kind  may  be  considered,  perhaps, 
ns  corresponding   with  the  8th  species  in  Fourcroy   and 
Vnuquelin's  arrangement.  These  calculi  are  soluble  in  hy- 
drochloric acid. 

9*  By  comparing  the  composition  of  urinary  calculi  with  All  Uie  in- 
that  of  urine,  it  will  be  found,  that  all  the  ingredients  of  g^j*Jy 
these  concretions  are  present  in  this  animal  liquid,  except  are  found 
oxalate  of  lime,  phosphate  of  iron,  and  cistic  oxide.  The  IJ^p""*^.**" 
phosphate  of  iron  is  given  on  the  authority  of  a  single  ana-  lateofiime, 
lysis,  and  is  certainly  an  ingredient  in  calculi  of  very  rare  ^'^^^ 
occurrence.  Too  little  is  known  of  the  manner  in  which  the  ^<^  oxide, 
constituents  of  cistic  oxide  are  combined,  to  allow  of  a  con- 
jecture to  be  formed  of  the  probable  source  of  this  peculiar 
Bul)stance.    The  oxalic  acid  found  in  calculi  is  probably 
formed  from  uric  acid;  for  Brugnatelli  has  observed,  that 
oxalic  acid  is  instantaneously  formed,  when  chlorine  is  pas- 
sed through  water  holding  uric  acid  in  solution. 

10.  As  to  the  manner  in  which  urinary  calculi  originate, 
it  may  be  remarked,  that,  as  far  as  observation  has  gone,  it 
BFOuld  appear  that  uric  acid  is  formed  in  th^  kidneys.  The 
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Part  II.  calculous  granules,  emitted  by  peraons  labouring  under  ne- 
Book  III,  phritic  complaints,  are  found  to  consist  of  this  acid,   it  is, 
therefore,  probable,  that  uric  calculi  are  not  formed  origi- 
nally in  the  bladder;  but,  by  descending  from  the  kidnejrs 
yet  of  small  size,  become  the  nucleus  of  a  future  calculus 
in  that  viscus. 
Caieuii  may      11*  Fourcroy  and  Vauquelin  have  made  a  number  of  ex- 
^f^^  of  P^ri°^^<)^*«  ^^  order  to  ascertain  how  far  it  would  b«  pracd- 
thebody,    cable   to  dissolve    urinary   calculi,  by   injecting   solvents 
hy  aoiutioaa  through  the  urethra.  As  far  as  solvents  are  concerned, these 
bfttes ordf  concretions  may  be  arranged  under  three  heads:  I.  Calculi 
amdi,  10     composed  of  uric  acid  or  of  urate  of  ammonia;  3*  Those 
be  herd  i^n   composed  of  the  phosphates;  and  3.  Those  composed  of 
the  mouth  Oxalate  of  lime.  Solutions  of  pure  potash  or  soda,  so  weak 

SJ^^-*°'  ^  ^^^  ^'^^y  °*^y  ^^  ^^^^  ^^  ^^^  mouth  without  inconveni- 
ence, ence  and  swallowed  without  pain,  dissolve  readily  calculi 
of  the  first  kind.  Nitric  or  hydrochloric  acid,  so  much  ^• 
luted  as  to  cause  no  inconvenience  when  swallowed,  dis- 
solves very  quickly  calculi  of  the  second  kind.  The  third 
kind  are  of  more  difficult  solution.  Such  calculi,  however, 
dissolve  slowly  in  nitric  acid,  and  in  solutions  of  the  carbon- 
ates of  potash  or  of  soda,  so  much  diluted  as  not  to  irritate 
the  bladder. 
These  tol«  12.  It  is  proposed  by  these  chemists  to  inject  the  solveat, 
^^•JJ^at  theblbod  heat,  into  the  bladder,  previously  emptied  of 
ui^ed  in-  urine.  In  order  to  ascertain  the  proper  solvent,  they  propo- 
to  the  bM-  g^d  first  to  inject  a  weak  solution  of  potash,  the  solvent  pro- 
per for  calculi  of  the  most  frequent  occurrence.  After  ihc 
injection  has  remained  for  half  an  hour  or  longer,  it  is  to 
be  discharged,  filtered,  and  tested  by  means  of  hydrochlo- 
ric acid.  IF  any  uric  acid  has  been  dissolved,  it  will  be 
thrown  down  by  this  test  in  the  form  of  a  white  powder. 
If  no  indication  of  the  presence  of  uric  acid  exists,  and  that 
after  the  solution  of  potash  has  been  used  for  several  days; 
it  is  next  proper  to  proceed  as  if  the  stone  present  was  com- 
posed of  the  phosphates,  and  accordingly  to  inject  hydro- 
chloric acid,  diluted  to  the  proper  degree.  Should  the  stone 
prove  to  be  composed  of  the  phosphates,  then  by  testing 
the  solvent,  after  being  returned  from  the  bladder,  by  am- 
monia, phosphate  of  lime  will  precipitate.  If  this  should 
not  be  the  case,  the  last  resort  is  to  proceed  in  the  manner 
proper  for  the  mulberry  calculus,  and  inject  a  properly  di- 
luted nitric  acid.  In  case  any  of  the  solvents  succeed  for 
some  time  and  afterwards  cease  to  have  effect,  they  should 
be  changed  for  others,  until  the  proper  solvent  may  be  hit 
upon,  to  suit  the  chemical  nature  of  the  particular  coat  of 
the  concretion  which  may  present  exteriorly. 
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1.  It  18  well  known,  that  certain  concretions  are  formed  Goaty  cai- 
rn the  joints  of  persons  long  subject  to  the  gout,  which,  J^**^*®"  J^ 
from  their  white  colour  and  softness,  are  generally  called  tods. 
dalk  stones.  These  concretions  were  first  analyzed  in  1797 
by  Dr.  Wollaston,  who  found  them  composed  of  urate  of 

Having  thus  finished  the  consideration  of  all  the  parts 
tfid  products  of  the  human  body«  which  have  been  observed 
with  any  degree  of  accuracy;  it  may  conduce  to  give  a  cor- 
rect comparative  idea  of  their  chemical  nature,  to  present 
a  synoptical  view  of  their  constituents.  Such  a  view  is  at- 
tempted to  be  given  in  the  annexed  table. 


A.  Extractive  is  excluded  from  the  enumeradon  of  the  in- 
gredients of  muscle  and  marrow,  as  not  being  sufficient- 
ly characterized. 

B.  The  true  skin  is  composed  of  gelatin,  and  the  cuticle  of 
modified  albumen. 

C.  The  reader  will  recollect,  that  ch)^  contains  a  substance, 
considered  as  intermediate  between  albumen  and  fibrin* 

D.  To  understand  the  ultimate  constituents  of  blood  as 
given  in  the  table,  it  is  necessary  to  recoQect,  that  phos- 
phorus, calcium,  magnesium  and  iron  are  considered  as 
constituents  of  the  colouring  matter  of  this  liquid. 

E.  The  colouring  matter  of  the  blood  is  not,  strictly  speak- 
ing, an  ingredient  in  the  lens,  but  a  matter  having  all  the 
properties  of  this  substance,  except  colour:  see  page  SSS* 

F.  It  is  the  curdy  part  of  milk  which  is  considered  as  al- 
bumen, although  somewhat  diflPcrent  in  its  properties. 
The  analysis  of  milk  given  in  the  table  is  to  be  consider- 
ed as  of  cows'  milk. 

G.  Pus,  strictly  speaking,  does  not  contain  albumen,  but  is 
made  up  principally  of  a  substance,  a  good  deal  allied 
to  albumen  in  properties. 

H,  If  Chevreul's  opinion  should  prove  to  be  correct,  then 
adipocire  is  not  a  constituent  in  gall-stones;  but  the 
substance,  taken  for  adipocire,  is  a  peculiar  one,  which 
Chevreul  proposes  to  call  cholesterine. 
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Chap.  III. 

^TER  III. 

lEMICAL  CONSTITUTION  OP  THE 
dAN  BODY. 

the  table  just  given,  the  reader 
o  a  general  examination  of  hu- 
rt of  the  matter  which  composes  Chief  paru 
eferred  to  the  general  heads  of  ^^^„^J^^ 
rane,  tendon,  cartilage  and  liga-  muieie,  * 
•    It  is  evident,  therefore,  diat  ^«n<l<»  «»»<*  j^ 
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Fart  IE.  opinion  should  prove  to  be  correct^  that  phosphorus,  cal* 
Book  111,  cium,  magnesium,  and  iron  are  constituents  in  it,  in  no  par* 
ticular  state  of  combination.  As  to  what  composes  the  gretf 
bulk  of  this  animal  substance,  there  is  some  discrepancy  of 
opinion.  The  most  probable  supposition  perhaps  is,  that  it 
is  some  modification  of  fibrin.  The  singular  substance  ana* 
logous  to  the  colouring  matter  of  the  blocxl,  found  by  Ber** 
zelius  in  the  crystalline  lens,  requires  further  inveatigatioik 

7.  It  would  be  of  considerable  importance  to  aacertati 
the  exact  differences  between  vegetable  and  animal  mucus. 
If  they  are  really  distinct  substances,  to  avoid  coftfusion  they 
should  have  different  names.  Chemists  have  dtatinguiabed 
a  vegeuble  and  an  animal  jelly,  a  vegetal)le  and  an  animal 
extractive,  a  vegetable  and  an  animal  fibrin.  A  adutioQ  of 
vegetable  jelly  is  called  gelatinous,  as  well  aa  a  solution  cf 
animal  jelly  or  gelatin.  This  want  of  preotaion  leada  to 
error.  Extractive  is  a  verv  indefinite  term,  and  means  dif- 
ferent  things  as  used  by  different  chemists.  The  term  mu« 
cilage  is  frequently  employed  without  precision)  it  some- 
times means  a  solution  of  gum,  and  sometimes  a  solution 
of  mucus.  The  solution  of  the  latter  might  be  distinguished 
by  the  adjective  mticousm 

8.  It  may  be  considered  as  very  doubtful  whether  the 
peculiar  nature  of  osmazome  has  been  established. 

Pieromei  is  9.  Picromel  may  be  considered  as  the  characteristic  in* 
oharmcterit-  Arredient  in  bile.  It  enters  into  the  constitution  of  gall-stones. 

tic  of  bile.     9  ,  ,  •  r    i_     r  Tn. 

It  composes  also  a  very  large  portion  of  the  feces.  The  opi- 
nion of  the  excrementitious  nature  of  the  bile  is  not  with* 
out  support  from  the  latter  fact. 

10.  Certain  gall-stones  have  been  considered  as  composed 
entirely  of  adipocire.  This  opinion  has  been  lately  called  ia 
question  by  Chc:vrcul,  who  considers  that  the  gall-stoneSf 
previously  supposed  to  consist  of  this  substance,  are  in  fact 
made  up  of  a  form  of  matter  not  previously  recognized, 
which  he  proposes  to  call  cholestcrine. 
treaischa*  11.  Urea  is  the  characteristic  ingredient  of  urine.  This 
racteristic  gecretion  is  very  little  else  than  a  solution  of  urea  in  water. 
This  animal  substance  is  occasionally  found  as  a  constitu- 
ent of  urinary  concretions. 

12.  Cistic  oxide  is  a  peculiar  animal  substance,   which 
occurs  as  a  very  rare  ingredient  in  urinary  concretions. 
Sugar  of  1^*  Sugar  of  milk  was  first  discovered  in  milk.  Its  dis- 

milk,  found  covery  in  chyle  strengthens  the  analogy  observed  between 
^eVasIn  *  ^^^se  animal  liquids^  which  have  a  number  of  other  consti* 
milk.  tuents  in  common.  A  portion  of  iron  is  detected  in  both. 

14.  Oily  substances*  varying  considerably  in  nature,  arc  to 
be  found  in  the  various  parts  and  products  of  the  body.  Be* 
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sides  the  fixed  oil,  which  constitutes  the  fat  so  universally  Cbap.  hi. 
found,  filling  up  interstices  and  giving  an  uniform  figure  to  ^ 

the  body  and  limbs,  there  are  oils  peculiar  to  particular 
parts*  Marrow,  according  to  Berzf lius,  contains  a  peculiar 
^xed  oil.  Human  milk  contains  a  peculiar  oil,  which,  how- 
ever,  is  not  concrete,  as  that  which  may  be  extracted  from 
cows'  milk.  Brain  and  hair  are  found  to  contain  peculiar 
coloured  oils.  Cerumen  contains  a  peculiar  oil,  and  so  also 
docs  sweat.  Bone  possesses  an  oily  part,  which  is  not  strict- 
ly speaking  a  part  of  the  bone. 

15.  According  to  Vauquelin's  analysis  of  brain,  phosphorus  Phosphonu 
enters  into  it  as  a  constituent.  It  is  difficult  to  understand,  JJ^^  "*  ^ 
bow  such  a  substance   could  be  present,  without  entering 

into  some  particular  combination. 

16.  Uncombined  sulphur  has  been  detected  as  a  consti*  uneembin- 
taent  in  brain,  in  hair,  and  in  urine.    It  may  be  worthy  of  f^JJ^'j}**"^ 
inquiry,  whether  the  sulphur,  detected  in  these  substances,  hair  aDd 
is  derived  from  the  albumen,  which  is  one  of  their  consti-  **"'^*' 
toents.  It  is  certain,  that  albumen  cannot  be  obtained  entire- 
ly free  from  sulphur:  but,  how  far  this  fact  may  prove  Ber- 
zelius  to  be  correct  in  asserting,  that  sulphur  is  an  essen- 
tial ingredient  in  albumen,  remains  yet  to  be  demonstrated. 
However  this  may  be,  it  is  certain,  that  uncombined  sulphur 

has  not  been  detected  in  anv  animal  substance,  in  which 
fldbumcn  has  not  been  found.  Phosphorus  and  sulphur  are 
the  only  undecompounded  substances,  in  an  uncombined 
state,  which  occur  in  animal  bodies.  Hence  they  are  enu- 
merated in  the  table,  both  as  proximate  and  as  ultimate 
constituents. 

17.  Water  must  be  considered  as  a  very  important  con*  Water,  a 
stituent  of  animal  bodies.  It  causes  the  liquidity  of  all  those  veryiiupor. 
parts  of  animals,  which  require  to  have  this  state,  in  order  coastitucQt. 
to  answer  the  purposes  for  which  they  are  intended.     It  is 

die  only  menstruum  employed  by  nature.  It  must  not,  how- 
ever, be  considered  as  unimportant  in  itself;  as  it  consists  of 
two  principles,  as  universally  present  in  animal  matter,  as 
any  others.  It  may,  therefore,  be  considered  as  very  mate- 
riidly  concerned  in  nutrition. 

18.  Soda  is  an  ingredient  in  bone,  in  blood,  in  feces,  inSoJais 
saliva,  in  bile,  in  tears,  in  the  mucus  of  the  nose,  in  ecru-  Jjjj^"  Jf 
men,  in  the  aqueous  and  vitreous  humours  of  the  eye,  and  animal  aub- 
in  sinovia.  The  portion  of  this  alkaline  base,  which  ex-*^****'- 
ists  in  bone  and  blood,  is  very  small.     That  found  in  feces 

may  be  considered  as  derived  from  the  bile.  It  occurs  in 
tears,  on  account  perhaps  of  its  detergent  property.  The 
mucus  of  the  nose  probably  derives  its  soda  from  the  tears, 
which  are  constantly  passing  into  this  cavity.  It  mav  be  pro- 

4  E 
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PartIL  per  to  remark  here,  that  Dr.  Pearson,  contrary  to  the  re- 
Book  HI.  cciyed  opinion,  considers  potash,  and  not  soda,  to  be  the  al- 
kaline base  present  in  the  animid  fluids. 

19.  Uncombined  lime  occurs  in  bone,  in  bile,  and  in  the 
liquor  of  dropsy;  but  in  very  minute  quantity  in  each.  Thu 
ingredient  cannot  be  considered  of  importance  in  animal  sub- 
stances* 

20.  Uncombined  magnesia  occurs  as  a  constituent  in  one 
class  only  of  the  animal  substances,  mentioned  in  the  table; 
namely,  urinary  concretions.  But  one  calculus  has  been 
found  heretofore  to  contain  uncombined  magnesia. 

21.  Silica  has  been  found  in  three  animal  substances  only; 
namely,  hair,  urine,  and  urinary  concretions.  It  occurs  is 
very  minute  proportion  in  hsur  and  urine.  In  concretioof 
of  the  bladder,  it  is  a  rare  ingredient. 

Iron,  de-  22.  Traces  of  uncombined  iron,  or  of  oxidized  iron,  have 
c?^  iron  ^^^^  detected  in  chyle.  The  same  metal,  together  with  man- 
and  mangA-  ganese,  has  been  detected  in  hair. 

nese,  in  23.  Chloride  of  potassium  occurs,  in  small  amount,  in 

Chloride  of  ^^^^od,  in  saliva,  in  the  mucus  of  the  nose,  in  the  aqueous  and 
poun'mm    vitreous  humours,  in  the  cr^'stalline  lens,  and  in  milk;  but 
H^J^^J^  whether  as  an  essential  ingredient,  and  in  an  invariable  pro- 
animsi  sub-  portion,  has  not  been  correctly  ascertained.    Chloride  of  so- 
BUncespre-  dium  occurs  in  muscle,  in  hair,  in  chyle,  in  blood,  in  saUva, 
in  the  gastric  secretion,  in  bile,  in  tears,  in  the  mucus  of  the 
nose,  in  the  aqueous  and  vitreous  humours,  in  the  cr3rstal- 
line  lens,  in  the  liquor  of  the  pericardium,  in  sinovia,  in 
urine,  in  the  liquor  of  the  amnios,  in  the  liquor  of  dropsy, 
and  in  the  liquor  of  blisters.  Thus  it  appears,  that  this  chlo- 
ride is  present  in  every  animal  substance,  in  which  the  chlo- 
ride of  potassium  is  found,  except  milk;  and  in  a  great  num- 
ber of  substances,  in  which  it  exists  alone*  This  very  gene- 
ral occurrence  of  chloride  of  sodium,  in  small  proportion 
in  the  animal  fluids,  fiivours  the  belief,  that  this  chloride  is 
rather  an  accidental  than  an  essential  constituent,  more  es- 
pecially as  it  is  introduced,  into  the  stomach,  so  universally 
with  the  food. 
Uric  acid,  a      24.  Uric  acid  occurs  in  small  amount  in  urine,  where  urea 
cliief  iiigre.  jg  abundant;  but  as  a  verv  principal  incrredicnt  in  urinary 
cuii;  but  a    concretions,  in  which  urea  is  a  rare  ingredient,    it  has  con- 
subordinate  siderable  analogy  to  urea  in  some  of  its  properties;  and  the 
nrine!         inverse  proportion,  in  which  these  two  substances  occur  in 
urine  and  in  urinary  calculi,  favours  the  opinion,  that  urea  is 
convertible  into  uric  acid,  and  by  undergoing  this  conver- 
sion gives  rise  to  the  formation  of  uric  calculi.  Besides  uric 
acid,  several  other  uncombined  acids  arc  present   in   ani- 
mal substances;  as  carbonic  acid  in  bone,  urine,  and  sweaty 
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bcDZoiG  acid  in  urine  only;  and  lactic  acid  in  urine,  sweat,  Cbap.  m. 
milk. 


95.  Of  salts,  hydrochlorate  (muriate)  of  ammonia  ^urs  Salts  pre-/ 
itt- urine  and  in  urinary  calculi,  and  no  where  else;^nos-*^'^^''^.^'''* 
phate  of  ammonia,  in  brain  and  in  urine;  lactate  of  ammonia  suoces/ 
MmI  the  sulphates  of  potash  and  of  soda,  in  urine  only;  car- 
btMUite  of  potash,  in  expectorated  matter;  phosphate  and  ace- 
tMs  of  potash,  in  milk  only;  urate  of  soda,  as  peculiar  to 
jMbaty  concretions;  and  carbonate  of  soda,  in  semen,  in  the 
Billior  of  the  amnios,  and  in  the  liquor  of  blisters.  The  phos- 
phiite  of  soda  occurs  more  generally  distributed  than  any  of 
tlie  salts  just  named.    It  is  found  in  muscle,  in  brain,  in 
blood,  in  bile,  in  tears,  in  the  mucus  of  the  nose,  and  in 
nfiiie*  Lactate  of  soda  occurs  in  muscle,  in  blood,  in  saliva, 
■nd  in  the  mucus  of  the  nose.    Traces  of  sulphate  of  lime 
hftve  been  detected  in  brain  and  in  hair,  but  in  no  other  ani- 
mal substances;  and  of  carbonate  of  lime,  in  hair  and  the  li- 
quor of  the  amnios*     Phosphate  of  lime  has  already  been  Phosphate 
naenticmed  as  constituting  the  basis  of  bone.  It  occurs  also  in  ^^'"^>  . 
naalf  in  muscle,  in  brain,  in  hair,  in  chyle,  in  bile,  in  tears,  in  tieofbon&' 
otrumen,  in  sinovia,  in  urine,  in  semen,  in  milk,  in  the  liquor 
of  the  amnios,  in  the  liquor  of  blisters,  and  as  a  common  in- 
tfradient  in  urinary    concretions.    Thus  this  salt,  besides 
forming  the  greater  part  of  bone  is  found  distributed,  in 
MliaU  quantity,  in  many  animal  substances  both  solid  and 
liquid.    Oxalate  of  lime  occurs  as  an  ingredient  of  urinary  Oxalate  of 
calculi  only.  Hydrofluate  (fluate)  of  lime  is  found  as  a  con-  '^™^  f^^^. 
stituent  m  bone,  and,  in  very  mmute  proportion,  m  unne.  naryeaicu- 
Phosphate  of  magnesia  is  present  in  bone,  in  urine,  and  in  i>« 
milk;  while  the  ammonio-phosphate  is  found  only  in  urinary  # 

concretions.     Oxidized  iron  has  been  found  in  the  state  of 
phosphate  in  a  calculus,  and  in  the  state  of  lactate  in  milk. 

d6l  The  uncombined  acids  have  been  noticed  already,  as  Acids  foand 
being:  the  uric,  carbonic,  benzoic  and  lactic  acids.  All  these  **^  ^>(i>?i*» 
acids,  except  the  benzoic,  occur  also  in  saline  combinations,  ed  or  othcr- 
Besidcs  these  acids,  there  are  found,  always  in  a  combined  ^i*^- 
state,  the  hydrochloric,  sulphuric,  phosphoric,  oxalic,  acetic, 
and  hydrofluoric  (fluoric)  acids:  so  that  the  total  number 
of  acids  found  in  animal  substances  is  ten.  Uric  acid  is 
found  combined  only  with  soda,  in  the  form  of  gouty  con- 
cretions; carbonic  acid,  only  with  potash,  soda  and  lime; 
lactip  acid,  with  ammonia,  soda  and  oxidized  iron.  Uric  and 
lactic  acids  are  exclusively  of  animal  origin.  Hydrochlo- 
ric acid  is  found  combined  with  ammonia  only;  sulphuric 
acid,  with  potash,  soda  and  lime.  Phosphoric  acid  exists 
combined  with  ammonia,  potash,  soda,  magnesia,  oxidized 
iron,  but  particularly  with  lime.  This  acid  is  by  far  the  Phoqihom 
most  abundant  in  animal  substances.  The  oxalic  acid  oc-  ^^»  ™^*^ 
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n  witb  lime,  only  \a  ccnaio  spcci«  -i 

I  The  acetic  acitl  combined  with  pota&hbi 

nilk  by  Berz«l)ua  alone.  'Hit  hydraftuoni 

very  rare  constitueat  in  animal  subsaD- 

•■Ivbys  combined  with  lime. 

.fc.        ST*  Of  ^  Eilkuiine   aalidable  bases,  lime  is  be\-ond  il 
HkMibi^  eovpwiMD  thb  most  abu(id»nt  In  animal  subslancca.  NcH 
^fli!?'^  10  ttJeoncs  lodn,  then  potash,  then  magnesia,  and  lastly  W' 
BMWU*  the  thrcL-  latter  being  in  very  small  amouol.  Tix 
Qtlj  eutfay  bMe  heretofore  detected  in  animal  substancn  ii 
luUca,  Utd  thit  in  vi:ry  small  proportion. 
Oijflit^t        U>  As  theultimaic  constituents  of  animal  substances,)! 
MOf-^il  perceiTed  by  the  table,  that  oxygen,  azote,  hydrogen  tti 
2|!Jf  ^ananeOBprne  nearly  their  whole  amount.  Phosphorus  m^ 
miCsM*  dlcioBi  are  die  next  most  abundant,  being  ultimate  comti- 
^j***^    toenis  c^  banc  Chlorine  occurs  in  combination  wi^  potur 
MkHMk    uan  md  BOdlum;   and  combined   with  hydrogen  foi 
hydrochloric   acid.     This    supporter    is     prersent   in 
•moDnt  ID  nearly  iwo-lhirds  of  all  animnl  aubstances-  FIq- 
Oiiiw  is  given  in  the  table,  on  the  supposition,  that  the  radi- 
cal ofdw  t^droQuoric  (fluoric)  acid  will  prove  to  be  waie 
oew  form  of  matter.  Sulphur,   as  an  ultimate  coutitncDi, 
in  ntBute  quantities  only,  in  animal  substances  Po- 
k,  wdium,  magnesium  and   silicum  occur  ticuly  in 
Om  tame  tvlktivc  proportions  as  potash,    soda,  magncsu, 
and  silica,  of  which    they  are   the  radicals.    Excepting  tbc 
alkaline  and  earthy  metcils,  iron  and  manganese  are  the  on- 
ly metallic  bodies  found  in  animals.  Now   it  will  be  rccot 
Icctcd,  that  these  same  metals  alone  were  detected  in  vegc- 
tables.  It  can  hardly  be  supposed  possible,  that  animali 
could  contain  a  constituent,  which  did  not  euit  in  veget^ 
bles;  as  the  former,  either  direcdy  or  indirectly,  dnw  d 
their  nutritive  materials  from  the  latter. 


.    CHAPTER  IV. 

OF  ANIMAL  FUyCTlONS  ELUCIDATED  BT  CHEMISTRT. 

A  GREAT  deal  of  interesting  matter  might  be  arraoge^ 
under  this  tide;  but  the  proposed  limits  of  the  present  work 
vill  only  permit  of  giving  a  sketch  oF  what  is  known  oi 
respiration,  and  some  reflections  on  secretion  and  assimilf 
tion 
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Chaf.IV. 

SECTION  I.  ~ 

OF  RESPIRAllON. 

1.  All  animals  are  furnished  with  some  contrivance  or  All  animals 
other  for  exposing  their  blood  to  the  influence  of  the  air.  J^^l^yoo^ 
Xhis  remark  is  applicable  to  fish,  to  insects  and  to  worms,  to  the  ac- 
as  well  as  to  the  more  perfect  animals.  tion  of  air. 

S.  The  contrivance,  in  man  and  in  the  warm  blooded  ani-  Mechaniam 
mals,  consists  in  a  cavity,  capable  of  being  increased  in  size  ^*^^^''^. 
by  the  action  of  muscles,  and  containing  vascular  bags,  called  bed. 
me  lungs.  These  bags  are  so  arranged,  as  that  the  commu- 
nication of  the  external  air,  with  the  cavity,  must  take  place 
through  apertures  in  them,  and  in  no  other  way.  It  conse- 
quently happens,  that  when  the  cavity  is  enlarged  by  mus- 
cular action,  the  external  air  presses  into  the  bags;  but  when 
it  is  rendered  smaller,  the  contained  air  is  pressed  out;  and  it 
ia  on  this  mechanical  principle,  that  breathing  is  carried  on. 

d«  What  purpose,  then,  does  this  exposure  of  the  blood  In  rvspira; 
to  the  influence  of  atmospheric  air  effect?  This  question  can^'.J^"^ 
be  answered  only  by  investigating  the  changes,  which  are  and  the 
consequent  to  it,  upon  the  respired  air  and  the  blood;  and  ^^^  •^*' 
accordingly  these  objects  of  research  have  engaged  the  at-  *   "^' 
tention  of  numerous  chemists  and  physiologists. 

4.  Common  air,  which  has  been  respired,  is  altered  in 
the  following  particulars:  a  portion  of  oxygen  has  disap- 
peared, a  quantity  of  carbonic  acid  has  been  formed,  and  it 
38  loaded  with  water  in  a  state  of  vapour. 

5.  Taking  the  general  results  of  experimenters  on  the 
subject,  it  will  be  found,  that  the  bulk  of  the  carbonic  acid, 
formed  during  respiration,  is  very  nearly,  if  not  precisely, 
equal  to  that  of  the  oxygen  which  has  disappeared.  Now  it 
is  well  known,  that  oxygen,  when  changed  into  carbonic 
acid,  does  not  alter  its  bulk;  hence  the  presumption  is,  that 
the  whole  of  the  oxygen,  which  disappears  as  uncombined 
oxygen,  enters  into  the  composition  of  the  carbonic  acid 
emitted.  This  is  a  more  probable  opinion  than  the  one 
which  supposes,  that  the  oxygen  which  disappears  has  com- 
bined permanently  with  the  blood,  and  that  the  carbonic 
acid  evolved  had  previously  existed  in  this  animal  liquid 
ready  formed. 

6.  In  this  way,  two  of  the  changes  which  take  place  in 
air  by  respiration,  namely  the  disappearance  of  uncombined 
ox>  gen  and  the  evolution  of  carbonic  acid,  are  explained. 
It  is  only  uncombined  oxygen  which  has  disappeared;  for 
the  oxygen,  in  the  combined  state,  is  still  present  in  the  car- 
bonic acid  formed.  From  this  it  is  evident,  that  air  in  re- 
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Part  IL  spiration  loses  nothing,  but  gains  a  quantity  of  carbon;  and 
J^^^  ^'!:^  this  carbon  is  separated  from  the  blood.  The  fair  conclusioa 
Respiration  therefore  is,  that  the  principal  intention  of  respiration  is  to 
SKot^**    eliminate  carbon  from  the  blood. 

from  the  T*  The  third  alteration,  which  takes  place,  in  respired  ur, 
blood.  {,  ^(g  being  loaded  with  vapour.  This  vapour  cannot  be  con- 
sidered  as  formed  in  the  lungs,  as  is  the  case  with  the  car- 
boDic  acid;  since  all  the  oxygen  which  disappears  goes  to 
the  formation  of  this  acid.  It  is,  therefore,  probable,  that 
water  is  given  out  by  the  vessels  of  the  lungs,  and  becomes 
dissolved  in  the  respired  air  on  account  of  its  increase  of 
temperature. 

8.  The  quantity  of  carbonic  acid,  emitted  by  the  lungs,  is 
found  to  vary  at  diiFerent  times  in  the  24  hours.  It  has  been 
ascertained  by  Dr.  Prout,  that  the  quantity*  of  this  acid 
formed  is  greatest  at  noon  and  least  at  midnight. 
Avenge         ^*  Several  calculations  have  been  made  to  ascertain  the 
quAotity      probable  quantity  of  carbonic  acid  emitted  by  respiration  in 
emhiMMt    ^^^  ^^  hours.  Dr.  Thomson  considers  the  average  to  be 
thfee-        40,000  cubic  inches,  a  quantity  which  contains  about  three- 
foartht  ofa  quarters  of  a  pound  avoirdupois  of  solid  carbon;  and  this 
Soon.  "*     estimation  does  not  differ  much  from  that  made  by  Allen 
and  Pepys,  as  deduced  from  their  experiments.  Under  par- 
ticular circumstances,  however,  the  usual  quantity  of  car- 
bonic acid  formed  is  lessened.  Thus  it  has  been  ascertained 
by  Dr.  Prout  and  Dr.  A.  Fyfe,  that  the  carbonic  acid,  pro- 
duced by  respiration,  is  diminished  by  the  use  of  spirituous 
and  fermented  liquors,  by  the  action  of  mercury  or  of  ni- 
tric acid,  and  by  a  vegetable  diet. 

10,  The  amount  of  aqueous  vapour,  emitted  in  the  twenty- 
four  hours,  is  no  doubt  exceedingly  various  in  different  in- 
dividuals, and  under  different  circumstances.    From  some 
trials  to  ascertain  this  point,  made  upon  himself,  Dr.  Thom- 
son found,   that  nearly  nineteen  ounces  was  the  quantity 
emitted  by  his  lungs  for  that  space  of  time- 
Arterial  11  •   It  had  been  observed  at  a  very  early  period  by  phy- 
diffei-sinco-siologists,  that  the  blood,  which  flows  in  the  veins,  is  differ- 
▼cnous        ^^t  in  appearance  from  that  contained  in  the  arteries.    Ve- 
biood.         nous  blood  has  a  dark  purple  colour,  while  arterial  blood  is 
of  a  bright  scarlet.  Now  it  is  well  known,  that  blood  in  the 
venous  state  is  returned,  from  all  parts  of  the  body,  into  the 
heart,  on  its  right  side,  whence  it  passes  into  the  lungs  by 
the  ramifications  of  the  pulmonary  artery,  and  is  ultimately 
received  again  into  this  organ,  on  its  left  side,  from  the  pul- 
monary veins.  But  by  the  time  it  has  arrived  on  this  side, 
it  is  no  longer  of  a  dark  colour,  but  has  assumed  a  bright 
scarlet  one,  and  the  arterial  character.  It  therefore  appears, 
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that  this  change  ia  blood  takes  place  exclusively  in  the  Cb^p.iv. 
lungs;  and  it  is  fair  to  conclude,  that  it  depends  entirely  venc^'be- 
upon  the  influence  of  air  in  respiration.    This  influence  has  comes  arte- 
abready  been  stated  to  consist  in  the  separation  of  carbon,     [^ihe  JT*' 

12.  An  absolute  chemical  difierence  has  never  been  bj beiogde ' 
made  out,  by  experiment,  between  arterial  and  venous  ^''^i^iz^- 
blood;  but  it  is  fairly  inferable  from  the  facts,  just  stated. 

How  then,  it  may  be  asked,  docs  arterial  blood  acquire  a 
redundancy  of  carbon,  whereby  it  becomes  changed  into  ve- 
nous blood?  To  this  it  may  be  answered,  that  the  redundan-  Probable 
cjr  propably  occurs,  in  the  course  of  the  circulation,  in  con-  ^"*r  ^^^' 
acquence  of  the  abstraction,  in  secretory  processes,  of  aofMrbooin 
larger  proportional  quantity  of  all  the  constituents  of  blood  venous 
except  carbon,  than  of  the  carbon  itself.  Whether  this  con-  ^'^^d'"^' 
jecture  be  weU  founded,  could  only  be  ascertained  by  noti- 
cing, if  all  the  constituents  of  blood,  except  carbon,  be  pre- 
aent  in  larger  amount  in  the  secretions,  taken  collectively, 
than  carbon  itself. 

13.  Respiration  has  as  yet  been  considered  as  carried  on  Atmotpbe- 
by  atmospheric  air,  the  only  gaseous  fluid  which  supports  ^*^^?  ^^^ 
the  process  properly;  but,  besides  this  fluid,  there  are  seve-  to  maintain 
ral  other  gases,  which  may  be  respired,  but  which  sooner  or  the  respira- 
Itter  destroy  life.  '^^:S!r«. 

14.  One  set  of  these  respirable  gases,  which  do  *not  sup-  are  reapira- 
'  port  life,  seem  to  act  negatively,  by  depriving  an  animal  of 'l*®*  J^?^  ^ 

the  air,  proper  to  carry  on  natural  respiration.  In  this  way  d^stro/ufe. 
azote  and  hydrogen  are  supposed  to  destroy  life.  Another 
set  of  respirsdile  gases  appear  to  be  unfit  for  respiration,  in 
consequence  of  some  positive  efiect  which  they  produce  on 
the  blood.  In  this  way,  the  bihydroguret  of  carbon  (carbu- 
retted  hydrogen),  hydrosulphuric  acid  (sulphuretted  hydro- 
gen), and  carbonic  oxide  are  supposed  to  act.  A  third  set 
may  be  breathed  for  some  time,  without  much  inconvenience, 
but  would  unquestionably  sooner  or  later  produce  death.  Of 
this  kind  are  the  protoxide  of  azote  (nitrous  oxide),  and  oxy- 
gen gas.  These  gases  would  appear  to  be  improper  for  sup- 
porting life,  on  account  of  the  too  great  stimulus,  which  they 
produce.  The  protoxide  of  azote  is  known  to  give  rise  to 
a  very  strong  degree  of  stimulation,  and  oxygen  gas  appears 
to  require  some  other  gas  to  be  mixed  with  it,  for  the  pur- 
pose of  dilution.  Common  air,  which  is  the  only  proper  ga- 
seous fluid  for  respiration,  may  be  considered  as  oxygen  gas 
diluted  by  azote.  Oxygen,  diluted  by  hydrogen  to  the  same 
degree,  carries  on  respiration  without  inconvenience;  and 
the  formation  of  carbonic  acid  goes  on  as  regularly  as  when 
common  air  is  the  respired  fluid.  There  are,  however,  these 
differences  when  oxygen  and  hydrogen  are  employed,  that 
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PjiitII.  II  portion  of  the  oxy^n  disappears,  and  azaie  it  found  ti 
Bbuh  111.  it»  place,  and  tht  animal,  breathing  the  roixtwre,  ha»  a  ic* 
I  dcncy  to  sleep, 

iDvuln  Ek-  IJ-  Some  gases  cannot  be  drawn  into  the  lung^,  the  j^loiw 
^•*»  duiuM  closing  spasmodically  whenever  (he  attempt  is  made.  ThiK 
'•moUw"  have  been  called  unrcspirable  gases.  Tothis  set  bcloogant- 
I  jignp.  mooiacal  gas,  carbonic  acid  gas,  and  in  short  all  the  actd  guo. 

'  Bfteti  of  fi-  It  has  alreadv  been  staled,  that  venous  blood  bccomn 
I-**""'  arterial,  by  passing  through  the  lungs.  Now  it  has  been  «- 
51^^^^  ccrtaincd,  that  venous  blood,  out  of  the  body,  assumes  th( 
colour  of  arterial  blood,  when  exposed  to  some  of  the  pin. 
Venous  blood,  subjected  to  the  influence  of  pure  oxj-gtn  511 


imes  a  scarlet  colour.  The 
lood  is  effected  by  coomoi! 
cases,  the  bulk  of  the  air  re- 
utely,  the  same;  but  iheair 
its  oxygen  being  coaVnud 


die  body. 


i  wbm  it  ifa 


0  the  actioti  of  deutoiiile  of 
'  a  deep  purple  colour.  Ub- 
irotoxidc  of  azote  (tutiwis 
right  purple.  In  both  c 


conlincd  over  it,  iosiandy 
L  same  change  in  this   kind 

^^^^B  ur,  but  not  so  rapidly.  In 
^^^^bviains  very  nearly,  if  not  : 
^^^^H  itself  is  changed,  a  portion 

^^^^r  >»[u  carbonic  acid.   Hence  it  u'ould  appear,   th.it  the 
K  changes  take  place  in  vcf"""  ^  3od,  when  exposed  to 

mon  air  or  oxygen  gas, 
lungs. 

17.  Venous  blood,  e 
azote  (nitrous  gas),  beLumo 
dcr  similar  circumstances,  tl 
oxide)  changes  its  colour  to 

a  portion  of  the  gases  is    absorbed.    When   exposed  to  ihr 
action  of  carbonic  acid,  it  becomes  much  darker,  and  a  tsdl 
portion  of  the  gas   is  absorbed.    Bihydropiret  of  caifaaB 
changes  it  to  a  fine  red  colour,  a  shade  deeper  than  th>  pnH 
duced  by  oxygen  gas. 
Effceu</        18.  On  the  other  hand,  arterial  blood,  cKposcd  tadiG  te- 
'6'^r^*^     tioD  of  azote,  hydrogen  or  carbonic  acid  confined  over  it, 
uteris      assumes  the  colour  of  venous  blood.    This  same  change 
blood.        takes  place  in  it,  however,  when  placed  in  vacuo.    Hence 
it  must  be  considered  as  independent  of  the  action  of  taj 
external  agent.  This  change,  in  arterial  blood,  is  not  piv 
vented  even   by    exposure  to    the  action  of  oxjrgea  gv, 
although  it  is  very  considerably  retarded. 
Animsi  19.  Animal  heat  is  usually  attributed,  as  an  cffi;cC,  trie* 

iShi'w''  'P''^''°n,  although  there  are  many  circumstances  unfovom^ 
iwipintioa.  Able  to  this  opinion.  The  fact,  however,  is  a  striking  one, 
that  the  heat  of  different  animals  is  greater,  in  proportion  as 
their  apparatus  for  breathing  is  on  a  larger  scale. 
Cnvfiird'*  'to.  By  far  the  most  ingenious  theory  of  animal  heat,  de- 
thwiy  rf  duced  from  the  respiratoiy  process,  is  that  of  Dr.  Craw- 
bcMia  ford.  Dr.  Black  had  considered,  that  animal  heat  is  [no- 
founded  ap- duced  in  the  lungs,  in  consequence  of  tbe  eonreitioB  of 
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bl^t  into  sensible  heat.  Upon  such  a  supposition,  however,  Cbip.iv. 
the  heat  could  not  be  uniform  all  over  the  body.  Dr.  Craw-^  adiffer- 
ford  gets  over  this  difficulty,  by  supposing,  that  part  of  the  cnce  in  the 
heat  of  the  respired  air  becomes  latent  in  the  blood,  after  it  i/^^'^f  ,r. 
has  assumed  the  arterial  character.  This  transfer,  he  consi-  teri»i  and 
dcrs  to  take  place,  in  consequence  of  a  simultaneous  alteration  vfl|^* 
in  the  specific  caloric  of  the  air  of  respiration  and  of  the 
blood;  that  of  the  air  being  decreased,  while  that  of  the 
Uood  is  proportionably  increased.  In  this  way,  the  caloric, 
derived  from  the  air,  and  which  would  otherwise  have  been 
•ensible   or  distributable,   is  instandy  transferred  to  the 
Uood,  to  fill  up  its  increased  capacity.  Now  Dr.  Crawford 
ii^uiidt  that  the  specific  caloric  of  oxygen  gas  and  arterial 
Wood  oache.one  haiyl,  was  greater  than  that  of  carbonic  acid 
imd  venous  blood  on  the  other;  just  what  ought  to  be  the 
caae^  if  the  theory  which  he  advocated  were  correct.  Hence 
it  must  fellow,  that,  in  the  course  of  the  circulation,  as  the 
aiterial.  blood  is  gradually  assuming  the  venous  character, 
in  consequence  of  those  actions  which  arc  implied  >  in  the 
functions  of  secretion  and  nutrition,  it  is  at  the  same  time 
suffering  a  decrease  in  specific  caloric  or  capacity,  and  must 
be,  in  the  same  proportion,  evolving  distributable  heat. 

.91*  Although  subsequent  experiments  have  confirmed  Tirwdiffeiv 
the  conclusions  of  the  difference  in  specific  caloric  of  car*  ^^^^'^^ 
bonic  acid  and  oxygen  gas,  and  of  venous  and   arterial  Crawford 
Uood;  yet  they  are  far  from  making  it  as  great  as  was  cal-  suppoaed. 
culatcd  by  Crawford. .  From  the  experiments  of  Delaroche 
and.Berard,  jt  appears,  that  the  specific  caloric  of  carbonic 
acid  is  to  that  of  oxygen  gas,  as  0*8280  to  0*8848;  while 
those  of  Dr.  Davy  determine  the  relative  specific  calorics  of 
^venous  and  arterial  blood  to  be  as  0*903  to  0*913.    These 
'differences  are  so  small,   that  they  would  hardly  be  consi* 
dered  as  sufficient  to  account  for  all  the  animal  heat  on 
Crawford's  theory;  but,  when  it  is  recollected,  that  the 
whole  of  the  blood  of  the  body  makes  a  complete  revolu- 
tion in  less  than  three  minutes,*  when  the  fact  is  adverted 
to,  that  arterial  blood  is  undergoing  the  change  into  venous 
blood  in  all  parts  of  the  body  at  the  same  moment,  these 
differences  in  specific  caloric  may  not  perhaps  be  esteemed 
too  minute  to  account  for  the  production  of  animal  heat. 

22.  It  appears  by  some  late  experiments,  performed  by  Brodic's 
Brodie,  that,  when  respiration  is  carried  on  artificially  in  a  "JJJJjf'^m 

.,_.._^_____.«._.«««.,______-._-..-_«.«------- ---—--———---—-—— ——-—----•  unfavoura- 

.      Ue  to  the 
*  This  calealation  of  the  time,  which  the  whole  of  the  blood  of  the  body  t»ke«  gappositioa 
to  pAM  through  the  heart,  ie  founded  upon  the  suppontiona,  that  the  amonnt  of  xj^t  respi. 
hkxKl  in  the  adult  is  SO  pounds,  that  the  average  number  of  pulsations  in  a  ml-  ration  eaus- 
note  it  75,  and  that  the  quantity  of  blood  expelled  at  each  pulsation  ii  two  and  ^a  animal 
a  half  oaaeeiL  heat. 

4  F 
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Part  II.  decapitated  animal,  the  usual  proportion  of  carbonic  acid 
Hook  ill,  continues  to  be  formed;  and,  notwithstanding,  instead  of 
the  animal  heat  being  preserved  under  such  circumstances, 
it  is  actually  lost  quicker  than  it  would  be  in  an  ammal  re- 
cently killed.  To  judge  how  far  these  results  invalidate  the 
conclusions  of  Crawford,  it  would  be  necessary  to  inquire, 
whether,  in  Brodie's  experiments,  the  blood  returned  to  the 
lungs  in  the  arterial  or  venous  state.  If  it  returned  in  the  ve- 
nous state,  it  would  seem  to  prove,  that  the  blood  had  under- 
gone those  changes,  which  are  consequent  to  its  employment 
in  secretion  and  nutrition;  but  it  is  not  probable  that  it  could 
be  thus  employed  in  a  decapitated  animal*  But  if  it  be  sup- 
posed, that  the  blood,  in  such  cases,  undergoes  little  or  no 
change  in  the  course  of  the  circulation,  is  not  the   loss  of 
animal  heat,  just  what  ought  to  take  place  according  to 
Crawford's  theory,  which  considers  that  the  animal  tempe- 
rature is  kept  up,  as  a  consequence  of  the  gpradual  conver- 
sion of  arterial  into  venous  blood.  On  the  other  hand,  if  die 
blood  goes  the  round  of  the  circulation  without  losing  its 
arterial   character,    whence   is   the  carbonic  acid  derived, 
which  Brodie  found  to  be  invariably  formed  in  his  experi- 
ments. 
Respiration     23.  Upon  the  whole,  perhaps  the  most  correct  opinion 
u  probftbiy  qq  ^j^g  subiect  of  animal  heat  is  to  suppose,  that  the  princi- 
pal  cause  of  ps^l  cause  ot  it  IS  respiration,   by  eifecting  upon  the  blood 
animal        such  a  change,  as  that,  upon  another  change  during  the  cir- 
a^sted  by'  culation,  it  will  be  giving  out,  gradually,  distributable  heat; 
other         greatly  assisted,  however,   by  the  vital  actions,   such  as  se- 
cau8cs.        cretion,  digestion,  muscular  action,  and,  in  short,  by  every 
process  implying  motion,  which  occurs  in  the  living  body. 


SECTION  II. 

OF  SECRETION  AND   ASSIMILATION. 

Foo<i  un-  !•  The  different  parts  of  the  animal  system  are  constant" 
derRoes  jy  undergoing  a  waste,  which  is  supplied  by  materials  ta- 
changes  be-  ten  into  the  stomach.  These  materials  undergo  a  suite  of 
fore  It  be-  changes  in  the  processes  of  digestion  and  chylil^cation;  and 
blood?  ^^^  product  is  thrown  into  the  blood  vessels,  where  it  be- 
comes perfect  blood.  Into  this  complex  liquid,  all  the  nu- 
tritious matter,  taken  into  the  stomach,  must  be  converted. 
Blood  is  Uie  before  one  particle  of  it  can  be  employed  to  supply  the  exi- 
"*'YJ?hich  K^°^^^*  °^  ^^^  living  animal;  for  it  is  from  blood  alone,  that 
evc^  ani-*^  ^11  the  parts  of  the  body,  whether  solid  or  liquid,  are 
mai  pm  is  formed.  Now  the  action,  by  which  certain  liquids  are  sepa- 
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sated  from  the  blood,  is  called  secretion;  and  the  action,  Cbap.  iv. 
by  which  the  same  animal  liquid  is  converted  into  the  orga-  — — — 
nized  parts  of  the  body,  is  called  assimilation.  Blood  being, 
then,  the  material  from  which  all  the  parts  of  the  body  are 
formed,  it  follows,  as  a  necessary  consequence,  that  this  li- 
quid must  contain  all  the  elementary  principles  of  animal 
substances* 

S.  The  secretory  action  takes  place  in  the  body,  appa-  Seereticyns 
ready  with  two  views:  1.  to  form  from  the  blood  a  sub- 1^^^^ 
stance  to  be  applied  to  some  useful  purpose;  and  2*  to  se-  ctr  to  be 
parate  something  from  the  same  liquid,   which   is  either  ^^'^^'^  ^^- 
noxious  or  useless,  and  which  is  to  be  thrown  off  from  the 
body  entirely. 

3.  All  the  secretions  of  the  human  body  may  be  consi-  Exeremen- 
dcred  .as  formed  with  the  first  view;  except  that  of  urine  in  ^^?J"  '•" 

•       -.,  g.  Ill*  !*«  1  crciions  are 

the  kidneys,  of  sweat  by  the  skm,  and,  without  perhaps  re-  urine, 
aorting  to  any  very  strained  analogy,  of  carbon  and  water  by  "^^/^'"^ 
the  lungs.  It  may  be  considered  doubtful,  whether  bile  is  se- 
creted with  the  first  or  second  view;  but  the  latter  supposi- 
Wm  is  the  most  probable. 

4.  Considering  then  the  useful  secretions,  the  question  Aiitheolti- 
arises,  are  the  constituents  of  these  substances  to  be  found  JJUJfcn^rf 
in   the   blood.     The' answer  is   yes,  so  far  as  it  regards  the  atcTQi 
ultimate  constitutents.     Indeed  most  of  their   proximate  ■eo''etion» 

fti*e  in 

ccmstituents  are  present  in  this  liquid,  but  not  all.     Thus,  blood,  but 
mucus  is  present  in  saliva,  tears,  the  mucus  of  the  nose,  "ot  their 
the  liquor  of  the  pericardium,  and  in  semen,  but  not  in^a^'^u.^ 
Uood.  Sugar  of  milk  is  present  in  chyle  and  in  milk,  but  is  ents. 
absent  in  blood.  These  facts  are  sufficient  to  demonstrate 
to  the  physiologist,  that,  during  secretion,  substances  alrea- 
dy formed  are  not  merely  separated;  but  that  the  blood  ac- 
tually  suffers  decompositions  and   recompositions  in   the 
process. 

5.  In  the  process  of  assimilation,  a  great  many  very  dis-  Atsimila- 
similar  organized  substances  are  formed  from  the  blood.  The  o*°"„ni!^^' 
principal  of  these  are  muscle  and  bone.  Blood  contains,  in  parts. 
abundance,  the  substance,  which  is  the  characteristic  ingredi- 
ent of  muscle,  namely  fibrin;  hence  the  formation  of  the  latter 

from  the  former  may  be  very  well  explained.  But  the  prin- 
cipal ingredient  in  bone  is  phosphate  of  lime;  how  then  does 
the  blood  furnish  this  salt,  which  does  not  exist  ready  form- 
ed in  it.  It  is  indeed  true,  that  phosphoric  acid  exists  in 
blood,  and  so  also  does  the  radical  of  lime  according  to 
Berzelius,  as  a  constituent  in  its  colouring  matter.  Accord- 
ingly* it  may  be  said,  that  the  phosphate  is  composed  in  the 
act  of  forming  or  repairing  the  bone;  or  it  may  be  contend- 
ed,, that  its  quantity  in  the  blood,  sufficient  to  renew  the 


igg^  JUnuKi.  cmfCTunra  blucidatbd  uv  cnEuisrn.  ^H 

P»T  li   A»t\j  wa»(<;  of  bone,  n  too  small  to  be  detected  io  the^lP 
*""  111   pj  this  liquid. 
I  ■our  of         *•  ^y  viewing  the  tablr  given  of  animal  substances,  it  *il 

>  lh(  uui'  be  «rt:n,  thnt  bloofl  contains  all  the  ultimate  cotutitucoo 
g"''"''j  fuuntl  ia  them,  except  fl  lorine,  silicuro  and  ni:iDgtii)ete.  TV 
'«'i("*i  *»V  question,  therefore,  arises,  how  can  blood  form  bone  wiinfc 

.  «»nj«  i.rc  contains  fiuorine,  or  hair  which  contains  silicum  and  otao^ 

I'Sibkod.      n«Ke.   Arc  these  facts  to  warrant  the  cuncIusioD,  that  neiiAcr 
fluorine,  silicuni,  nor  manganese  are  atrapLc  substances;  a 
should  they  not  rather  be  explained  bj-  Huppooing,  that  thc«e 
bodies  exist  in  too  minute  quantities  in  the  blood  to  be  ^ 
tectcd. 
BloniiT-        7-  It  is  reasonable  to  suppo!>»,  that  Oie  blood,  sufferint 
I  q^tfm.  nac  bo  many  absir.ictions  of  its  ci  kstituents  in  sccrcUoa  nd 
LWkMaft     animitation,  would  require,  nut  only  to  he  renewed  oo» 
pjjtiWfw.  Btnntly  b)  new  accessions  of  matter,  but  also  to  have  thnMB 
|l(*J|JJjJ. off  from  it  particular  consth'     its,  which  might  bekftta 
rMthr»«d.  excess  by  a  loo  abundanr  *>»     iclion  of  others.  And  dn, 
'  «S)*ra^-  ™''"'^'  "PP''»"  "o  be  the  ad  to  separate  such  refah 

>  jHKmrnt  b  dant  coosiiiuents,  woulu  r  to  be  the  purpose  ot  At 
'  <Am«)       srveral  secretory  actions.  i  eliminate  substaDCclWte 

E^^":'  Uirown  out  of  the  body. 

I  (iouof  8.  The  subeiances,  which  *'     i  here  proposed  locoandct 

I  '■"'-         as  secretions  of  waste,  are  <       on  emitted  from  the  Ina^ 

fcpintian  urine,  sweat,  and  the  bile.  1  nc  process,  by  which  catlMiil 

ibr  luio'i^sep.-ifaicd  from  the  blood  in  the  Iuni;s,   is   very  much  iih 

mtkifmi*    secretion.  Venous  blood  is  carried  by  a  set  of  wess^  nail 

^^"^     piara  of  a  apongy  sul»tance,  and,  «  ttielT  iddlUM  MHill> 

cations,  throws  off  a  sobstance,  which  pasAet  out 

die  branches  of  the  bronchia,  aa  through  so 


ducts.  There  is  indeed  this  difference^  thM  Mi  MeM,  MW 

form  *f  atmospheric  air,  must  pass  down  theae  docia  to  m- 

aiat  in  the  elimination,  by  combining  with  the  buI 

be  separated.  But  whether  the  proeen,  by  which 

separated  in  the  lungs,  be  ccHisidend  aecretoty  or  no^  h  ae- 

Tertheleas  appears  certain^  thi^  the  chief  purpose  of  reif^ 

ration  is  to  separate  an  excess  of  thia  cottbtiatiUe  from  ihe 

hlood. 

RertBD^nt      9.  The  secretory  office  of  the  kidneys  may  be  caaaidenl 

■wtc  ap-    g2  iIjq  chief  means,  which  nature  em|doys  to  discharge  i»* 

■tatntt.i   dundant  azote  from  the  blood.  The  urine  is  made  up  pt» 

hi^'h'     cipally  of  urea,  which  animal  eubatance,  according  to  Dr. 

the  nrioe.    Prout,  conuins  nearly  half  its  weight  of  azote.  Prom  tUi 

statement  it  is  evident,  how  very  large  a  proportion  of  azMc 

must  be  contained  in  thia  secretion.  Besides  azote,  urea 

contains  ox)-gen,  hydrogen  and  carbon.  Whether  b^  the 

constituents  of  this  animal  substance  «ra  KaUe  to  * 
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Tedundant  in  the  blood,  in  proportions  suited  to  its  forma-  Chap,  iv. 
tion,  cannot,  perhaps,  be  ascertained;  but  should  this  be  the 
liact,  ihcn  their  greater  or  leas  redundancy,  occurring  in  such 
proportions,   may  be  removed  by  a  more  or  less  abundant 
tbraiation  of  urea. 

IVm  The  means  of  re-establishing  the  proper  proportional  Urine/rom 
iflittount,  in  the  different  constituenU  of  the  blood,  may  be  far^heT' 
elfearly  inferred  from  the  various  ingredients  of  urine.  If  it  Tery  obfi- 
be  necessary  to  separate  a  large  quantity  of  oxygen  and  hy-  ?""^^^ 
diogen,  it  may  be  supposed,  that  water  is  compounded  in  dant  oonsti- 
die  kidneys.  A  larger  quantity  of  carbon  than  exists  in  urea  ^P^**^?^ 
may*  be  separated  by  the  production  of  a  larger  or  smaller    ^ 
ioaount  of  carbonic,  benzoic,  or  lactic  acid;  but  for  the  se- 
paration of  this  substance,  the  lungs  may  be  considered  as 
the   appropriate  organs.  Any   proportional  excess    iir  the 
Other  constituents  of  blood  may  be  separated  as  component 
parts  of  the  different  salts,  which  occur  in  urine  in  various 
amouBU.   So  that  it  is  probable,  that  the  varying  exigencies 
of  the  blood,  with  regard  to  redundant  constituents,  is  the 
tme  cause  of  the  varying  nature  of  die  urine* 

11.  All  the  ultimate  constituents  of  blood  are  found  in 
mine,  except  iron*  This  metal,  considered  as  a  component 
part  of  the  colouring  matter  of  the  blood,  could  not  reason- 
ably be  expected  to  exist  in  the  urine;  as  it  is  not  probable, 
Aat  this  matter  requires  to  undergo  any  decomposition  in 
the  renovation  of  the  blood.  On  the  other  hand,  fluorine 
and  silicum  occur  as  ultimate  constituents  of  urine,  though 
not  to  be  found  in  the  blood.  As,  however,  these  substances 
occur  in  very  minute  proportion,  may  it  not  reasonably  be 
supposed,  that  they  exist  also  in  the  blood,  although  in  too 
minute  a  quantity  to  l>e  detected. 

13.  The  action  which  separates  matter  from  the  body  Sweat  sepa- 
through  the  skin,  whether  this  matter  occurs  as  sweat  or  in-  ™^"  **• 
sensible  perspiration,  may  be  enumerated  among  the  means,  eoTsiltu. 
by  which  the  blood  is  purified  from  redundant  constitu-  ^"^  fron^ 
enu*    As  far  as  the  investigations  of  chemists  and  physi- ^*^  ^*°°^' 
ologists  have  extended,  there  appears  to  be  established  a 
very  close  analogy,  in  function,  between  the  lungs  in  respi- 
ration, and  the  skin  in  perspiration.  Both  organs  are  con-  OfBee  oi 
standy  emitting  water  in  a  state  of  vapour,  and  carbon  in^V^*", 
the  form  of  carbonic  acid.  The  sympathy  betyveen  the  lungs  luogi  ap. 
and  skin  is  well  known  to  every  one.    Whenever  the  skin  is  P«*"  ^  *»* 
interrupted  in  its  function,  the  lungs  suffer.  This  is  usually  hcncTthe 
accounted  for  by  supposing,  that  the  aqueous  fluids,  which  aympatby 
should  pass  through  the  skin,  are  thrown  upon  the  lungs;  ™g.***  *** ' 
but  may  not  the  suspension   of  the  separation  of  carbon 
through  the  skin,  in  cases  of  suppressed  perspiration,  be  the 
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il  Cause  of  the  iocoavetiicncc,  suScred  by  the  pulno- 
^  DUy  orpss.  It  is  well  known,  that  the  kidneys  perform  tJM 
vieansus  office  of  the  separation  of  aqucoiu  fluid,  whs 
■Dch  fluid  4s  prevented  from  passing  through  the  iikin;  nua, 
when  cubbn  is  retained  as  3  coDs<quencc  of  sup{iressi'<i  p^ 
l»  does  not  the  coincidence  in  office  between  the  tkin 
;  lungs  make  it  probable,  that  these  orgact  ran 
a  superabundant  quantity  of  this  combusiibk,  U 
loaKn.&b  suppression  by  the  skin  may  continue.  Icitt 
WBUlcBOwn  law,  which  the  Authorof  naturehas  imprcMcd 

Kdie  animal  economy,  tliat   the  different   orgaas.  lib 
friends,  assist  each  other  in  thi*  pcrform^ince  of  tboi 
n^MCtiTC  functions,  when,  from  di«ca>c  or  otherwise,  UT 
one.fif  tbem  may  Ik  unable  to  perform  its  own. 
t.       lit  Bilt  hus  been  enumerated  as  a  substance,  which  U  It* 
'*  fnwd  (torn  the  blood  as  useicas;  but  this  point  U  br  fram 
i^ bMSK-aetdcd.   Adopting,  however,  the  supposition  ihjtilil 
•tpantcd  for  the  sake  of  the  blood,  there  are  no  ctrciW' 
■Imcci  which  lead  to  the  belief,  that  it  contains  any  putioi- 
lar  principU-,  which  it  is  the  chief  purpose  of  the  Urcr  to  »t- 


1^  Wkh  regard  to  the  msinoer  in  which  : 
ggjg^MMMt^fioo  take  place,  ver>litdcor  nothing  is  known.  The 
■  111  milil  mder  hu  had  ubundnnt  proof,  however,  that  the  bnt  11  not 
'■^*9*-rihtt^i^Mration  of  something,  already  formed  io  the  bkwd,<K 
lo^ething  ^^  Utter,  a  mere  deposition;  since,  in  innumerable  cases, 
*<»«|T  compound  substances  are  found  in  the  secretions  and  m  die 
(heiK  rune- *°''*^  pwts,  not  previously  extsdng  in  the  blood.  Heaot 
timuimpij  then  chcmical  decompositions  and  recompaaitiotu  miutafr- 
iieUon'r'     ccssarily  take  place  in  these  vital  functions. 

15.  Notwithstanding  these  strong  facts,  there  have  not 
been  wanting  some  physiologists,  who  have  denied  altoge- 
ther the  agency  of  chemical  attractions  ia  the  vital  pn^ 
cesses.  According  to  them,  chemistry,  so  far  from  assiitiiig 
the  animal  functions,  is  in  perfect  war  with  life;  and  when  the 
former  has  gained  an  ascendancy  over  the  latter,  destniciioB 
is  the  consequence.  In  proof  of  this  assertion,  the  putrefac- 
tion of  animal  bodies,  after  death,  is  alleged. 

16.  To  prove  how  fallacious  this  mode  of  reasoning  is, 
let  it  be  supposed  for  a  moment,  that  those  agencies  of  mat- 
ter upon  matter,  which  are  called  chemical  attractions,  were 
annihilated;  what  would  be  the  consequence^  Most  tmquei- 
tionably  it  would  be  impossible  for  any  animal  to  live. 

17.  But  nhhough  chemical  actions  do  take  place  in  animal 
processes,  it  does  not  follow  that  they  are  beyond  the  con- 
trol of  other  agencies;  the  fact  is  that  they  are  not;  and  life, 
whatever  it  may  be,  whether  dependent  upon  a  peculiar 
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principle  or  upon  organization,  is  the  something  which  di-  Cbap.  iy. 
recta  them.  "^ 

18*  The  agency,  however,  which  directs  the  chemical  vital  agen- 
duuiffes  in  animals,  is  not  absolute  in  its  power,  but  yields  ^/*o">^',^ 

■  ^  J*  •  -.  T"!.         T  !•  1-    limes vieldi 

under  extraordmary  circumstances*  Thus,  u  peculiar  sub- ^o  the  ehe^ 
stances  be  taken  into  the  stomach,  they  make  their  way  into  mini  agen- 
tlie  secretions,  and  even  into  the  solids  themselves.     Musk*^^' 
and  indigo  have  been  made  to  pass  into  some  of  the  secre- 
ticMDSf  and  the  colouring  matter  of  madder  into  the  bone. 
Hence  it  would  appear,  that  the  digestive  organs  cannot 
convert  every  substance  to  the  purposes  of  the  animal;  and 
diat  even  when  unusual  substances  get  into  the  blood,  they 
cannot  always  be  excluded,  by  the  secreting  or  assimilating 
powers,  from  entering  into  the  composition  of  the  solids  and 
fluids. 

19.  In  what  manner  the  control  over  the  ordinary  che-  Particles 
mical  affinities  is  exercised  in  the  living  body,  would  be  corapoaing 
dificult  to  determine.    It  is  not  possible,  that  the  particles  obl^ehe- 
which  compose  animal  bodies  can  enjoy  any  immunity  from  >ni<»!  «(- 
the  influence  of  the  chemical  attractions.    They  cannot  con*  ^'^®^^'* 
sUtute  an  exception  to  the  universal  lot  of  matter.  If  this  po- 
sition be  true,  then  the  springs  to  chemical  action  cannot  be 
considered  as  suspended,  but  the  chemical  actions  themselves 
counteracted  by  opposing  actions.  Shall  it  be  said,  that  it  is 
life  which  is  the  counteracting  force,  or  are  there  any  agen- 
cies which  exercise  the  same  influence  over  chemical  affini- 
ties out  of  the  body?  If  there  be,  then  certainly  an  identity 
oi  effect  may  be  fairly  ascribed  to  an  identity  of  cause.  Now 
it  has  been  fully  proved,  that  galvanic  electricity  has  the 
power  of  counteracting  the  ordinary  results  of  chemical  af- 
finity; and  may  not  the  same  agency  be  the  proximate  cause 
of  a  similar  counteraction  of  chemical  affinities  in  living 


SO.  After  all,  even  admitting  the  supposition  just  stated 
to  be  true,  still  this  electrical  agency  must  be  under  the  con- 
trol of  some  other  power;  and  this  power  may  be  denomina- 
ted life« 

21.  As  soon  as  life  leaves  the  body,  the  different  chemi- 
cal affinities  are  no  longer  controlled,  and  its  constituents 
form  compounds  totally  distinct  from  its  original  component 
parts.  A  sketch  of  what  is  known  concerning  the  changes, 
which  take  place  under  such  circumstances,  will  be  given  in 
the  following  chapter. 
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-^^=^=-^  CHAPTER  V. 

OF  THE  DECOMPOSITION  OF  ANIMAL  BODIES  AFl'EU  DEATH. 

Dcadani-        1.  It  is  a  well  known  fact,  that  the  matter  composing  am* 

putKtie^'^  mal  bodies,  which  have  ceased  to  be  influenced  by  viudiqr, 

undergoes  certain  changes,  accompanied  by  the  emission  rf 

a  disgusting  fetor.  These  changes  are  expressed  by  the  tern 

putrefaction. 

2.  It  do«s  not,  however,  necessarily  happen,  that  dead 
animal  matter  should  putrefy.  A  certain  complexity  in  in 
composition,  by  which  is  meant  a  mixture  of  a  number  of 
substances  already  compound,  is  a  necessary  pre-requiiite 
to  the  putrefactive  changes.  Thus,  animal  substances,  vhidi 
are  uniform  compounds,  such  as  oils  and  resins,  do  not  |N1* 
trefy.  Besides  this  complexity,  dead  animal  matter  requires 
to  be  under  the  influence  of  heat  and  moisture,  before  it  on 
take  on  the  putrefactive  process.  This  is  proved  by  the  ci^ 
cumstance,  that  animal  matter,  exposed  to  a  freezing  tempe- 
rature, or  perfectly  dried,  undergoes  no  change  whatever. 
Exposure  to  air  is  not  an  indispensable  pre-requisite;  for tbe 
putrefactive  changes  take  place  in  close  vessebi  although 
somewhat  modified  under  such  circumstances. 

3.  Animal  matter,  exposed  to  the  predisposing  drcum* 
stances  just  stated,  undergoes  a  suite  of  changes^  of  which 
the  following  is  an  oiuline.  If  it  be  a  portion  of  flesh,  it  first 
becomes  pale  and  somewhat  soft;  its  texture  next  begins  to 
be  destroyed,  and  it  emits  a  disagreeable  sm^ll.   The  expo- 
sure being  still  continued,  it  diminishes  in  bulk,  and  exhales 
an  ammoniacal  odour.    This  smell  is  dissipated  by  the  sur- 
rounding air,  and  is  succeeded  by  the  insupportable  odour 
denominated  the  putrid  smell.     This  continues    for  some 
time,  but  is  at  last  restrained  by  the  production  of  ammo* 
nia.  This  alkaline  base  has  no  sooner  been  dissipated,  than 
the  putrefactive  process  recommences,  and  the  flesh  swells 
up,  emitting  a  number  of  air  bubbles,  and    then    subsides. 
At  this  stage  of  the  decomposition,  the   fibrous  texture  of 
the  flesh  is  scarcely  distinguishable,  and  the  whole  becomes 
a  soft  mass  of  a  brown  or  greenish  appearance,  and  having  a 
faint  and  nauseous  smell.     After  this  st;ige  of  the  process, 
the  odour  is  gradually  lost,  and  the  putrefied  matter  acquires 
some  consistence  and  a  deep  colour.    It  is  finally  converted 
into  a  friable  matter,  which  breaks  into  coarse  powder,  like 
earth,  between  the   fingers.  This  substance  consists  of  the 
fixed  parts  of  the  animal  matter,  mixed  with  some  charcoal, 
oil,  and  ammonia.     The  gaseous  products  vary  somt-what, 
according  to  the  substance  which  may  be  subjected  to  thi 
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putrefactive  process;  but  they  consist  principally  of  hydro-  Chap,  v. 
gas,  combined  with  sulphur  phosphorus  and  carbon,  of 
monia  and  carbonic  acid  gas,  and  perhaps  of  azote.  Oc- 
easioDally  nitric  acid  appears  to  be  formed. 

4f  Thus  it  would  appear,  that  animal  matter,  after  its  it  depends 
dcACh,  being  no  longer  embarrassed  by  the  operations  of  vi-  ^P^Jf  ^^ 
laiU^,  is  influenced  by  a  new  play  of  chemical  affinities,  ^St§. 
irfaich  causes  its  ultimate  constituents  to  enter  into  new  and 
■lore  siiiple  modes  of  combination. 

S.  Putrefaction,  as  already  described,  must  be  taken  as  Putre&e- 
applying  lo  dead  animal  matter,  putrefying  separately  and  ^^'*' 
m  conuct  with  the  air.  When  buried  in  the  earth,  animal  modifieSTitt 
ixMltes  putrefy  much  more  slowly;  and  when  a  great  num-  baried 
ber  of  carcases  are  buried  in  the  same  pit,  the  animal  mat-  ^^^* 
War  is  converted  into  a  peculiar  saponaceous  substance,  com- 
poaed  of  a  fatty  matter  combined  with  ammonia.  This  sin>- 
golar  substance  was  first  observed,. as  the  result  of  the  de- 
ciMDposition  of  animal  bodies,  under  peculiar  circumstances, 
in  die  burial  ground  of  the  Innocents  in  Paris,  where  it  had 
been  the  practice  to  deposite  the  bodies  of  the  poor,  each  in 
m  separate  coflSn,  in  large  pits,  until  they  were  filled  nearly 
to  the  top,  when  the  whole  was  covered  over  by  a  layer  of 
eaith  about  a  foot  deep.  These  pits  usually  contained  from 
1000  to  1500  bodies.  It  has  been  ascertained,  that  bodies,  so 
orcumstanced,  require  about  thirty  years  fo  be  converted 
into  this  peculiar  fatty  matter. 

6«  As  on  many  occasions  it  becomes  necessary  to  pre-  Putre&o- 
serve,  from  putrefaction,  animal  substances  to  be  used  as^^P^^/i^^ 
food,  so  the  proper  measures,  to  be  pursued  with  this  view,  ^  nny  be 
become  a  very  important  subject  of  inquiry.  It  has  already  yreTented. 
been  stated,  that  the  contraries  of  heat  and  moisture,  name- 
ly cold  and  dryness,  suspend  the  process  of  putrefaction; 
ud  accordingly  meat  in  cold  countries  is  preserved  in  the 
winter  season  by  being  frozen,  and  drying  is  a  very  common 
expedient  for  the  same  purpose.  Besides  these  means  of 
preventing  putrefaction,  others  seem  to  act  by  combining 
with  the  substance  preserved.    In  this  way,  it  is  probable, 
that  chloride  of  sodium  (common  salt)  and  nitrate  of  pot- 
ash (nitre)'  act  in  preserving  flesh.  The  manner,  in  which 
other  substances,  such  as  sugar,  acids,  alcohol  &c.  act,  is 
not  quite  so  obvious.    Dr.  Thomson  supposes  it  is  by  the 
affinity  of  these  substances  for  water,  whereby  they  are  en- 
abled to  abstract  one  of  the  principal  agents  in  putrefaction. 
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poisonous,  165 
silicated  fluate  of,  333 
silicofluate  of,  333 
sulphate  of,  331 
sulphocyanate  of,  333 
sulphuret  of,  165 
water,  164 
Bases,  alkaline  salifiable,  149 

alkaline  salifiable,  charac- 
ters of  the,  168 
earthy  salifiable,  168 


[  BtMs,  tuHif  Nitifiable.  dune- 
tern  of  the,  )r6 
salifiBble,  149 
I  Bee-glue,  5ii 
f  Benzoic  acid,  260 
f-  Benzoin,  508 

flower>of,S60 
aait  of,  36U 
[  Bile,  553 
J  Bird-lime,  503 

urtiBcial,  90S 
[  Kiinulh,99 

chloride  of,  100 
hydroch! orate  of,  386 
iodide  of.  100 
mngistery  of,  985 
muriute  of,  986 
fiilnttpi^,  SBt) 
oxide  of,  99 
aubni Irate  of,  586 
aubnitrate  of,  as  a  reme- 
dy. 337 
Bul[Aale  of;  386 
snIpKuret  of.  100 
I  Bitter  principle,  artificial,  487 
I  principles,  485 

BUck  pigment  of  the  e^e,  557 
Bleaching  salt,  Tenoan^g,  161 
Blende,  B6 

Bliatcra,  liquor  of,  57it 
Blood,  546 

arterial,  590 

arterial,  effects  of  gases  on, 

592 
bu6>cOttt  of  the,  548 
chaOKes produced  upon, by 
respiration,  590 
colouring  raatterof  the,  525 
constituents  of,  547 
diseased  changes  of  the, 

548 
redundant  constituents  of, 

how  separated,  596 
Tenons,  590 

venous,  effects  of  gases  on, 
592 
Blue  vitriol,  382 

Bodiesicom  pound  wraderabLe,  1 48 
imponderaW,  4^7 
ponderable,  3 
u  ndecompoiinded  ponder- 
able, 3  "^ 


Bodies,  undecomftAitdad  peOH 

able,  account  of  lite  a;- 
rangement  of,  12o 
u  adecotn  pou  nd  ed  ponder- 
able, tpeciSc  graritiej  el' 
the,  139 
nnd  econi pounded  ponder- 
able, table  of  amn^- 
mentofthe,  1^ 

Boiling  explained,  443 

Boletic  acu),  372 

Bologna  stone,  332 

Bone,  535 

DoQcs,  earth  of,  336 

Boracic  acid,  315 

Borai,  316 

Borofluoric  acid,  £36 

Boron,  25 

Brain,  540 

Brass,  98 

Brirastone,  32 

Brown     antimoniated    sulphiu-. 
404 

Burnt  hartahwn,  S26' 

Butter,  566 


Cadmium,  86 

Caffein,486  |.  / 

Calamine,  372 

Calcareous  acid,  213 

Calcined  magnesia,  167 

Calcium,  58 

chloride  of.  59 

medical  nus 
of,6fr 
iodide  of,  60 
peroxide  of,  59 
Calculi,  bone-earth,  579 

fication  of,  bv  f 

_  aftd  Vauquelin, 

clasaificatioD  »f,  bj  W^ 

laston,  579 
composed  of  oxalate  of 
linie,Bolveitts  proper  for, 


cJaaaification  of,  bv  Foui^ 
croy  awl  Vauquel 


conposed  of  the  phos- 
phatea.  aoUents  proper 
for,  580 

fusible,  579 

gouftt,  Ml 

Vlberry,  579 
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Calculi,  mulberry  species  of,  577 
6olvvii<«  of,  580 
uric,  579 
ur.'c,  "Solvents  proper  for, 

080 
uric  species  of,  577 
Calomel,  1*;3 
Caloric,  43(» 

•  absolute,  of  bodies,  452 

chauges  in  bulk  bj,  445 
in  state  b^,  447 
produced     bj, 
^  445 
chemical  changes  produ- 
ced by,  453 
how  it  tends  to  a  state  of 

rest,  440 
how  put  in  motion,  431 
nature  of,  430 
Camphor,  501 

artificial,  502 
of  volatile  oils,  502 
Camphoric  acid,  £66 
Cancer,  matter  of,  571 
Cantharides,  vesicating  principle 

of,  531 
Cantharidin,  531 
Caoutchouc,  511 
Carbon,  20 

bihydroguret  of,  24 
hydroguret  of,  23 
hydroguret  of,  combines 

with  chlorine,  23 
sulphuret  of,  34 
Carbonic  acid,  213 

as  a  constituent  of 
the    atmosphere, 
470 
Cartilage,  540 

CassiuB,  purple  powder  of,  398 
Castor,  532 

Caustic  fossil  alkali,  158 
lie,  155 
lunar,  395 

milder  common,  162 
milder  common,  yses  to 

the  surgeon  of,  162 
mineral  alkali,  158 
vegetable  alkali,  154 
Ceraiin,  493 
Cerate,  6oQlard'9,^78 


Cerin,  500 
Cerium,  82 

muriate  of,  367 
nitrate  of,  367 
oxides  of,  82 
perhydrochlorate  of,  367 
pernitrate  of,  367 
persulphate  of,  367 
sulphate  of,  367 
Cerumen,  555 
Cerusse,  375 

acetated,  377 
Cetic  aRd,  425 
Chalk,  325 

Chalybeated  tartar,  361 
Charcoal,  20 

chemically  the    same 
with  diamond,  21 
medical  uses  of,  25 
Cheese,  567 

Chemical  constitution  of  the  hu- 
man body,  583 
examination  of  nature, 
463 
Chemistry,  animal,  520 
science  of,  2 
v^etable,  476 
Chloric  acid,  184 
Chlorides  as  animal  constituents, 
533 
found  in  plants,  515 
Chlorine,  6 

as  a  remedy,  9 
deutoxide  of,  8 
protoxide  of,  7 
used  in  bleaching,  9 
Chloriodic  acid,  237 
Chlorocarbonic  acid,  236 
Chlorocyanic  acid,  241 
Cholesterine,  573 
Chromic  acid,  223 
Chromium,  37 

deutoxide  of,  38 
protoxide  of,  38 
Chyle,  544 
Cinnabar,  107 
Citric  acid,  262 
Citron-coloured  ointment,  391 
Civet,  532 

Classification  of  acids  explained, 

283 
4H 
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CUy.  pure.  171 
Cobalt,  f! 

t-hlttiide  uf,  79 
Auate  tif.  3G4 
liyJrtichlorate  of.  S64 
hyilruttuate  of,  3(>4 
muriate  of,  SG4 
uitrste  of,  364 
*  peroxide  oi;  79 

phoaphuret  of,  79 
protojcide  of,  7% 
sulphate  of,  364 
sulpliuret  of,  79 
Cocculus  iiidicuK,  bitter  principle 

of,  486 
Cuclieiieal,  colouring  nutter  of, 

531 
Cochenilin,  531 
Cufft-i!,  bitter  principle  of,  486 
CoiD.sold,  113 
aiher.  110 
Colouring  matter  of  the  blood,  325 

principles,  485 
Columbic  acid,  2S6 
C'olumbium,42 
CombustibleB,  acidi6able,  SO 

acidifiable,  table  of, 
■       139,133 
acidifying,  18 
acidifyiag,  table  of, 

131 
alkai;flablc,50 
basiliBble,  50 
basifiable,    formi 
earthy     salifiable 
basex,  64 
basifiable,  forming 
salifiable      bases, 
not    alkaline    or 


134,135, 136,l3r 
138 
intermediate,  44 
intermediate,  tabic 
of,  133 
undecompounded, 
17 
Combustion,  434 

Lavoisier's  theory  of. 


Combustion,  Priestley's  thei 

434 

Stabl'stlieoryc 

'HiomsoR'^the 

436 

Compound  cerate  of  acetat 

tharge,  378 
Compounds,  unsslifiable,  4 
"  biiiarT,573 

pulmonary,  57 
wdivary.  572 
urinary,  574 
witii  basis  of 
phate  of  liou 
Conduction  of  heat,  442 
Constituents,  animal,  520 
Copal,  505 
Copper.  95 

amraoniacal,  383 
ammoDio-persulphi 

382 
a  m  m  o  n  i  o -sobpenul 

of,  S83 
am  m  on  i  o  -snbpenv 
of,  medical  u>es  i 
bi persulphate  of,  £ 
bipersufphateof.  n 
properties  of,  38; 
itToxymuriateo 
ide  of,  97 
muriate  of,  381 
peracetate  of,  384 
perarseniate  of,  it 
perarsenite  of,  3S- 
percarbonate  of,  3 
perchlorafe  of.  38" 
percliloride  of,  97 
perhydrochlorate  i 
perhydrofluate  of, 
pernitrateof,  383 
peroxide  of,  96 
persulphate  of,  38 
phosphuret  of,  97 
protochloride  of,  9 
protoxide  of,  96 
subpernitrate  of,  3 
subpersulphateof, 
Bulphuret  of,  97 
tinning  of.  describ 
vitriolated,  363 


io^iid' 
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C^opperas,  355 

Cork.  513 

Corrosive  sublimate^  105 

Cotton,  51t 

Crassamentum,  547 

Cream,  566 

of  tartar,  307 
Crocus  metallonim,  48 
Crystalline  lens,  556 
Crystallized  citric  acid,  £62 

foliated  earth,  320 
Crystals  of  tartar,  307 
Cubic  nitre,  312 
Curd,  567 
Cuticle,  538 
Cyanogen,  22. 

D 

Daphnin,  487 

Decomposition  of  animal  bodies 

^  after  de^th,  600 
Derbyshire  spar,  328 
Diabetic  urine,  sugar  of,  530     . 
Diamond,  chemical  nature  of,  21 
Diaphoretic  antimony,   chemical 

nature  of,  227 
Dippel's  animal  oil,  531 
Diuretic  salt,  307 
Dragon's  blood,  508 
Dropsy,  liquor  of,  571 

£ 

Ear,  cerumen  of  the,  555 
Earth,  crystallized  foliated.  320 

of  bones,  326 
Egg,  white  of  the,  522 
Ela]n,,421 
Emetin,  489 

action  of,  on  the  animal 
economy,  489 
Enamel  of  the  teeth,  536 
Epsom  salt,  338 
Epulotic  cerate,  372 
Equality  of  temperature  explain- 
ed, 445 
Ether,  aromatic  sulphuric,   with 
alcohol,  414 
hydrochloric,  412 
muriatic,  412 
nitric,  414 
nitrous,  415 


Ether,  sulphuric,  413 

with  alcohol,  414 
vitriolic,  413 
Ethers,  412 
Ethiops,  martial,  70 

mineral,  107 

per  se,  101 
Eudiometers,  467 
Expectorated  matter,  571 
Extract,  Goulard's,  of  lead,  378 
Extractive,  4  88 
Eye,  humours  of  the,  556 


Feces,  548 

Ferrocyanic  acid,  243 
Ferruretted  chyazic  acid,  243 
Fibnn,  animal,  524,  o83 

vegetable,  499 
Fire  damp,  24 
Fixed  air,  213 
oils,  418 
Flint,  174 
Flowers,  martial,  355 

of  benzoin,  260 
Fluoboric  acid,  238 
Fluoric  acid,  228,  239; 
Fluorine,  12 
Fluor  spar,  328 
Fluosilicic  acid,  239 
Flux,  black,  301 
white,  301 
Formic  acid,  250 
Fossil  alkali,  mild,  312 

vitriolated,  811 
Fuci,  ashes  of,  furnish  carbonate 

of  soda,  313 
Fuming  liquor  of  Boyle,  289 

Libavius,  93 
Fundn,  514 
Fusible  salt  of  urine,  319 

G 

Galbanum,  509 

Galena,  91 

Gallic  acid,  249 

Gall-stones,  573 

Gamboge,  510 

Gases,  heavy  inflammable,  24 

respirable,  591 

unrespirable,  592 


f  m- 


Gftstricsecretiuo,  SS I 

asarcinedj,553 
GeUtiu,  520 
Gland.  540 
fiUss,  bottle,  173 

I  crown,  175 

descHbed,  175 
flint.  175 
OlaMty  nhusphoric  ecii],  327 
G|aul>er\  call.  3)1 
Glucioa.  170 

carboutc  of.  345 
I  fluat«  of,  345 

W  '  livtlrofluate  of,  345 

I  nitrate  of,  345 

phuBphftte  of,  345 
sulphate  of,  344 
(ilucinuni,  C5 

Glue,  clit-micjil  iiatore  of.  5S,i 
Gluten. -197 
Gold.  1 10 

cliloridc  of,  112 
fulminating,  153 

muriate  of,  397 

pcrhydrochloraf  e  of,  3EI7 

perhyrfrochlorate  of,  as   a 
remedy,  398 

pernitrfttcof,  398 

peroxide  of,  IIS 

peroxide  of,  medical  pro- 
perties of,  112 

persulphate  of,  398 

phosphurct  of,  112 

protoxide  of,  112 

sulphtiret  of,  113 
Golden  sniphur,  405 
Goulard's  extract  of  lead,  378 
Gouty  calculi,  581 
Graphite,  72 
Green,  Scliet'le's,  384 

vitriol,  355 
Guaiacum,  506 
Gum.  482 

tragacuntli,  493 
Gum-rcsins,  508 
Gunpowder,  compositioD  of,  300 
Gjpum,  3i34 


Hair,  543 
Hartshorn,  1 49 


11 


Hartshorn,  burnt,  52ti 
salt  of.  290 
voUtile  liquor  of.  JED 
Heat.  4,10 

conduction  of,  442 
instruments  lor  measniinft 

454 
latent,  of  Ur.  Black.  43i 
radiation  of,  4-V) 
relative  quaatttieji  of,  in  l»- 
dies,  444 
Hem'&tin,  485 
Homberg's  pyropliorus.  34S 
Honey,  530 
Human  body,  chemical  cODldti- 

tion  of  the.  583 
Humour,  aqueoas,  55G 
vitreous,  556 
Humours  of  the  eye,  556 
Hydriotlic  acid,  195 
Hydrochloric  acid,  186 
Hydrocyanic  acid,  S30 
Hydntfluonc  acid,  3SS 
Hydrogen.  IB 

arsenuretted,  j6 
car bu retted,  24 
phosphu  retted,  SO 
selenuretted,  44 
sulphuretted,  SXH 
su  p  ersulphuretted,'2&l 
telluretted.  50,  -20: 
Hydroguretted  sulphur,  3(M 
Hydroselenic  acid,  205 
Ilydrosulphuric  acid,  202 
Hydros ulphurous  acid,  204 
Hydrotelluric  acid,  907 
Hydrothionic  acid,  202 
Hygrometers,  469 
Hyperoxy muriatic  acid,  184 
Hypoiiitrous  acid.  912 
llypophuspboTQua  acid,  219 
Hypu^iulpliurous  acid,  201 


Ice,  manner  in  which  it  melts  c: 

plained.  451 
Incombustibles,  table  of,  131 

un  decompound 


Indian  rubber,  511 

Indigo.  496 

Ink.  sympathetic,  364 
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ik,  writing,  360 

mlin,  493 

kstniments  for  measuring  heat, 

454 
>dic  acid,  194 
idine,  11 

chloniret  of,  237 
»ecacuanha,  emetic  principle  of, 

489 
idium,  118 

oxides  of,  119 
on,  67 

acetate  of,  361 

ammoniacal,  355 

-and-ammoniay    phosphate 
of,  358 

arseniate  of,  358 

carbonate  of,  357 

carburets  of,  72 

cast,  68 

chromate  of,  359 

cold  short,  75 

ferrpcjanate  of,  359 

hot  short,  98 

hydrochlorate  of,  353 

iodide  of,  72 

medical  uses  of,  75 

muriate  of,  353 

nitrate  of,  S57 

peracetate  of,  361 

medical  uses 
of,  361 

perarseniate  of,  358 

percarbonate    of,    inedical 
properties  of,  358 

perchloride  of,  72 

perferrocjanate  of,  359 

persallate  of,  360 

perhjdrophlorate  of,  354 

perhydrochlorate  of,  tinc- 
ture of,  354 

permuriate  of,  354 

pemitrate  of,  357 

peroxide  of,  71 

peroxide  of,  medical  uses 
of,  71 

perphosphate  of,  358 

persuccmate  of,  360 

persulphate  of,  356 

persulphuret  of,  75 

pertartrate  of,  362 


Iron,  phosphate  of,  358 

phosphuret  of,  74 

protochloride  of,  71 

protosulphuret  of,  75 

protoxide  of,  70 

medical  uses 
of,  70 

prussiate  of,  359 

red  oxide  of,  71 

rust  of,  358 

scales  of,  70 

subbipersulphate  of,  ^5^ 

subperphosphate  of,  358 

sufphate  of,  355 

medical  proper- 
ties of,  356 

tartarized,  361 

tripersulphate  of,  357 

tun^tate  of,  359 

vitriolated,  S55 
Isinglass,  chemical  nature  of,  522 


James's  powder,  405 
Jellj,  484 


Kali,  pure,  154 
Kelp,  313 

Kermes  mineral,  404 
Kinic  acid,  272 


Lac,  505 
Laccic  acid,  270 
Laptic  acid,  267 
Lead,  87 

acetate  of,  377 

medical  uses  of, 
377 
black,  72 
carbonate  of,  375 
carbonate  of,  uses  in  phar- 
macjr  of,  376 
chlorate  of,  374 
chloride  of,  91 
.    chromate  of,  376 
fluate  of,  3£6 
horn,  91 

h  jdrochlorate  of,  374 
hyilrofluate  of,  376 


6u  n 

Lcacl.hnicroxTtnuriale  of,  S74 

iwTnloor.'JI 

muriate  of,  5T4 

ttitrntr  of,  375 

pfrnxiilr  of,  S9 

|ihoHpliuret  of,  91 

protitxide  of.  83 

red,  90 

red  OTide  of.  90 

»emi -vitrified  iixi<ie  nf,  8S 

■emi-Titritii'd  oxide  nf,  u»( 
of,  in  pharmacy,  ti'J 

lulwcelRtp  of.  S?7 

lubhTdrochlome  of,S'4 

submurinte  of,  3~4 

subitilrale  of,  375 

sunr  of.  3'7 

Burphnle  of,  $7    4 

^phnret  of,  91 

vineuar  of,  378' 

while,  375 
Lie,  caustic,  155 
I>igatiicnt,  540 
Light,  427 
Lignio,  :il3 
Lime,  160 

-and -antimony,  phoephafc 
ol, -105 

-and -antimony,  phosphate 
o^  medical  properties  of, 
406 

benzoate  of,  329 

biphosphate  of,  S£7 

burning  of,  326 

carbonate  of,  325 

carbonate  of,  medical  pro- 
perties of,  326 

chlorate  of,  323 

chloride  of,  161 

composition  of,  162 

ferrocyanate  of,  329 

filiate  of,  328 

hydrate  of,  161 

hydriodate  of,  323 

hydrofluate  of,  328 

hyd  nij^urctted  sulphuret  of 
325 

hyur»»ulphate  of,  924 

hydrosulp'iite  of,  325 

hydiosulpburet  of,  324 

hyperoxyiDuriate  of,  323 


Lime,  ioilate  of,  32S 
iodide  of,  162 
kinate  of,  330 
moroxylate  of,  330 
luuriate  of,  59 
uitrate  of,  525 
oxalate  of,  329 
oxidized.  I6l 
oiymuriate  of,  1 61 
phosphate  of,  326 

8  constilui 
ID  bone,  .< 
medical  a 
of,  327 
phospliuret  of,  162 
plants  contain,  517' 
qu  ad  ri  phosphate  of,  327 
silicofiuate  of.  339 
Btone,  325 

subpliosphare  of,  32B 
sulphate  of,  394 

anhTdnmi,  9 
sulphocyanate  of,  329 
sulphuret  of,  162 
tartrate  of,  329 
tuugisUteof,  328 
water,  161 

medical  uses  of,  1 
witli  polash,  a  caustic.  1 
Liniment,  volatile,  423 
Liquid  ammonia,  151 

potash,  155 
Litharge,  89 
Lithia,  159 

carbonate  of,  322 
nitrate  of,  322 
sulphate  of,  322 
Lithium,  58 
Liver  of  sulphur,  157 
Logwood,  colouring  matter of.J 
Looking  glasses,  silTering  of  i 

scribed,  108 
Lunar  caustic,  S9J 

M 

Magistery  of  bismuth,  580 

Magnesia,  167 

bicart>onate  of,  341 
bicarbonate  of,  medii 
properties  of,  341 
calcined,  167 


INDEX. 


615 


Magnesia,  carbonate  of,  340 

carbonate  of,  medical 
propel  ties  of,  341 
chlorate  of,  338 
fluate  of,  34*2 
hjdriodate  of,  338 
hydrofluate  of,  342 
hjperoxjmuriate   of, 

338 
medical  uses  of,  168 
muriate  of,  63 
nitrate  of,  339 
phosphate  ol,  342 
plants  which  contain, 

517 
sulphate  of,  338 
sulphate    of,    medical 
uses  of,  339 
sulphuret  of,  168 
tartrate  of,  342 
vitriolated,  338 
ivhite,  340 
Magnesium,  63 

chloride  of,  63 
Malic  acid,  266 
Manganese,  79 

chloride  of,  81 
deutoxide  of,  80 
bydrochlorate  of,  365 
muriate  of,  365 
nitrate  of,  366 
peroxide  of,  81 
persulphate  oi,  366 
phosphurel  of,  81 
protoxide  ef,  80 
sulphate  of,  365 
sulphuret  of,  81. 
Marble,  325 
Mar^aric  acid,  424 
Manneacid,  186 
Marrow,  542 
Martial  flowers,  355 
Massicot,  88 
Mastich,  504 
Matter,  expectorated,  571 

general  properties  of,  cau- 
sing chemical  changes, 
457 
of  cancer,  571 
MeduUin,  513 
Mellite,  350 


Mellitic  acid,  265 
Membrane,  540 
Mephitic  acid,  213 
Mercury,  100 

acetate  of,  393 
ammoniated  perchloride 

of,  106 
-and-ammonia,  muriate 

of,  288 
•and-ammonia,     subni- 

trate  of,  390 
-and-ammonia,     subni- 
trateof,  medical  uses 
of,  391 
-and-ammonia,  suboxy- 

'  muriate  of,  105 
ash-coloured  oxide   of, 

390 
bisulphuret  of,  107 
bisulphuret  of,  medical 

uses  of,  107 
carbonate  of,  392 
chlorate  of,  388 
corrosip  muriateof,  105 
hydrofluate  of,  392 
b  jrperoxymuriate  of,  388 
mild  muriate  of,  103 
nitrate  of,  390 
oxymuriate  of,  105 
peracetate  of,  393 
perchlorate  of,  388 
perchloride  of,  105 
perchloride  of,  medical 

uses  of,  106 
perchloride  of,  poisoning 

by,  106 

periodide  of,  106 
pemitrate  of,  391 
pernitrate  of,    uses  in 

pharmacy  of,  391 
peroxide  of,  102 
peroxid  e  of,  medical  uses 

of,  103 
*  perphosphate  of,  392 

perphosphate  of,  medi- 
cal uses  of,  392 
persulphate  of,  389 
persulphate  of,  medical 

properties  of,  390 
phosphuret  of,  106 
protiodide  of,  106 
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Mercai7»protoc])Ioride  of,  103 

protocbloride  of»  medi- 
cal uses  of»  104 
protoxide  of,  101 
pi^toxide  of,  uses    in 
pharmacy  of,  102 
red  precipitate  of,  102 
submuriate  of,  103 
sulphate  of,  388 
sulphuret  of,  107 
sulphuret   of,    medical 
uses  of,  lOr 
superpersulphate  of,  389 
supersnlphate  of,  388 
yellow  subsulphate  of, 
389 
Microcosmic  salt,  319 
MUk,  565 

cows',  566 
sugar  of,  530 
woman's,  568 
Mineral,  kermes,  404 

medical  proper- 
ties of,  405 
turpeth,  389 
Minium,  90 
Molybdenum,  39 

oxide  of,  40 
sulphuret  of,  40 
Molybdic  acid,  224 
Molybdous  acid,  225 
Moroxylic  acid,  269 
Morphia,  490 

action  on   the  human 
system  of,  490 
Mortar,  component  parts  of,  163 
Mucous  network,  539 
Mucus,  animal,  526 

of  the  nose,  555 
vegetable,  483 
Muriatic  acid,  186, 192 
Muscle,  536 
Musk,  533 
Myricin,  500 
Myrrh,  510 

N 

Nail,  536 

Narcotic  salt,  215 
Natron,  prepared,  312 


Natron,  ▼itriotated,  $11 
Nature,  chemical  cxaminatioa  of, 

463 
Nerve,  541 
Nickel,  75 

chloride  of,  77 

kydrochlonite  of,  363 

mariate  of,  363 

nitrate  of,  S63 

peroxide  of,  76 

phosphuret  of,  77 

protoxide  of,  76 

sulphate  irf,  363 

sulphuret  of,  77 
Nicotin,  487 
Nitre,  S99 

cubic,  312 

fixed,  301 

spirit  of,  208 

sweet  spirit  of,  415 
I^tric  acid,  208 
Nitrogen  gas,  13 
Nitrous  acid,  212 

dephlogistieated,  14 
Nitrum  flammans,  289 

semivolatite,  289 
Nose,  mucus  of  the,  555 
Nux  vomica,  poisonous  principle 

of,  491 

O 

Ochre,  yellow,  172 
Oilof  vitftol,  197 
Oils, animiil,  531 
fired,  418 

uses  in  pharmacy  of,420 
vegetable,  499 
volatile,  416 

uses  in  medicine  of, 
417 
Olefiant  gas,  23 
Oleic  acid,  425 

Oleum  tartari  per  deliquium,  303 
Olibanum,  509  ^ 

Opium,  narcotic  principle  of,  490 
Opoponax, 510 
Oamazonie,  527 
Osmium,  119 

oxide  of,  120 
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Oxalic  acid,  251 
Oxide,  carbonic,  21 

of  antimony,  with   phos- 
phate of  lime,  405 
Oxidized  iron,  in  plants,  517 

manganese,  in  plants, 

517 
water,  472 
Oxjchloric  acid,  185 
Oxygen,  4 
Oxjpnissic  acid,  241 


Palladium,  116 

chloride  of,  116 
hydrochlorate  of,  400 
muriate  of,  400 
nitrate  of;  400 
oxide  of,  116 
sulphate  of,  400 
/  sulphuret  of,  117 

Pancreatic  secretion,  553 

Perchloric  acid,  186 

Pericardium,  liquor  of  the,  557 

Peroxidized  water,  properties  of, 

473 

Peruvian  bark  contains  extrac- 
tive, 489 

Pewter,  95 

Phlogisticated  alkali,  305 

sulphuric  acid,  200 

Phosgene  gas,  236 

Phosphoric  acid,  216 

glassj,  327 

Phosphorous  acid,  218 

Phosphorus,  26 

bihjdroguret  of,  31 
HombergV,  60 
hjdroguret  of,  30 
medical  uses  of,  32 
oxide  of,  28 
perchloride  of,  29 
periodide  of,  30 
protiodide  of,  99 
protochloride  of,  28 
ilow  combustion  of, 
products  of,  218 
sulphuret  of,  35 

i^icromel,  527, 584^ 

Picrotoxin,  486 

Plaster  pf  Paris,  324 


Platinum,  113 

deutosulphuret  of,  115 
fulminating,  152 
medical     employment 
of,  116 
muriate  of,  399 
perchloride  of,  115 
perhydrochlorate    of, 

399 
peroxide  of,  114 
perphosphuret  of,  115 
persulphuret  of,  115 
protocnloride  of,  114 
protophosphuretof,  115 
protosniphuret  of,  1 15 
protoxide  of,  114 
sulphate  of,  399 
Plumbago,  72 
Pollenin,  499 
Polychroite,  485 
Ponderous  spar,  331 
stone,  328 
Potash,   154 

acetate  of,  307 

medical  usies 
of.  307 
-and -antimony,  tartrate 

of,  406 
-and- antimony,  tartrate 
of,  medical  properties 
of,  407 
-and-antimony,  tartrate 
of,  properties  of,  407 
*and-iron,  pnissiate  of, 

305 
-and-iroQ,   sulphate  of, 

356 
•and-iron,  tartrateof,  361 
-and-iron,  tartrate  of,me« 
dical  properties  of,36l 
-ftnd-lime,tartrateof329 
-and-magnesiay  tartrate 

of,  342 
-and-soda,tartrftCe  of,320 
•and-soda,tartrate  of,me« 
dical  properties  of,321 
arseniate  of,  304 
arsenite  of,  304 
arsenite  of,  medical  pro- 
perties of,  in  solution, 
304 
41 
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Potash,  bicarbonate  of,  303 

bicarix»nateof»solation  of, 

used  in  medicine,  303 
binarseniate  of,  304 
binoxalate  of,  306 
bitartrateof,307 
bitartrateof,  medical  pro- 
perties of,  308 
carbonate  of,  301 
carbonate  of,  bow  obtiun- 
ed,  302 

carbonate    of,    medical 
properties  of,  303 
carbonate  of,  properties 
of,  302 

chlorate  of,  294 
chlorate  of,  explodes  wiUi 

combustibles,  294 
chlorate  of,  medical  em- 

plojrment  of,  295 
chloride  of,  157 
citrate  of,  309 
composition  of,  157 
ferrocjanate  of,  305 
ferrocjanate  of,  metallic 

precipitations  bj,  306 
fluate  of,  305 
fluosilicate  of,  305 
hjdriodate  of,  296 
hydroHuatc  of,  305 
hydroguretted  sulphuret 

of.  298 
hydrosulphate  of,  297 
hydrosulphate  of,  medi- 
cal uses  of,  298 
hydrosulphite  of,  298 
hydrosulphuretof,  297 
hyperoxjmuriate  of,  294 
iodate  of,  296 
liquid,  155 

medical  uses  of, 
156 
muriate  of,  52 
Jiitrate  of,  299 

gunpowder 
contains,  300 
medical    pro- 
perties of,301 
oxychlorate  of,  295 
perchlorate  of,  295 


Potash,  plants  contain.  515 

preparation  of.  for  medi- 
cal use,  155 
pyrotartrate  of.  309 
silicoflaate  9(g  305 
soap  of,  424 
sulphate  of,  296 
sulphate  of,  medical  pro- 
perties of,  297 
sulphite  of,  297 
sulphocyanate  of,  305 
sulphuret  of,  157 
supertartrite  of,  307 
surgical  uses  of.  157 
tartrate  of.  308 

medical    pro- 
'  '  pertiesoC309 
tariHte  of,  308 
triple  pnissiate  of,  305 
Potassium,  50 

chloride  of.  5S 
chloride  of^  animal  nih 
stances     conlaioiBg. 
586 
chloride    of.   miadical 

uses  0^  55 
hydmret  of,  53 
iodide  of,  53 
peroxide  of,  52 
phosphuret  of,  53 
sulphuret  of,  53 
Powder,  antimonial,  405 

James's,  405 
Precipitations  of  metals  by  hydro- 
sulphate  of  potash, 
299 

of  metals  by  hydro- 
sulphite  of  potash, 
299 
Prepared  ammonia,  290 

natron,  312 
Principles,  bitter,  485 

colouring,  485 
Propolis,  532 
Proximate  constituents,  cliief,  of 

animals,  583 
Prussian  alkali,  305 
blue,  359 

native,  358 
Prussiate  of  iron,  359 
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Pmuiate  of  soda-and*iroii,  S19 
strontian-and-iron, 
SS7 
PniBsic  acid,  230 
PuHb  clay,  in 
Pnrpuric  acidj  248/ 
Pus,  569 

good,  570 

ul-conditioned,  570 
Putrefaction,  animal,  600 

animal,  in    buried 
bodies,  601 
animal,   means    of 
prorentine,  601 
animal,  pnmucts  of, 
600 
JPyrites,  <nibic,  75 

•  magnetic,  75 
Pyro-acetic  spirit,  257 
Pyrometer,  Wedsewood's,  456 
Pyrophoms,  HoBioerg's,  348 
Pyrotartaric  acid,  S68 

Q 

Quassia,  bitter  principle  of,  486 
Quassin,  486 
Quicklime,  160 
Quicksilver,  100 

White  calx  of,  106 

B 

Radiation  of  heat,  440 

Radical  vinegar,  255 

Red  lead  ore  ^  Siberia,  376 
^  precipitate  of  mercury,  102 

Resins,  animal,  532 

vegetable,  503 

Respirable  gases,  591 

Respiration,  580 

Rete  mueosum,  539 

Rhodium,  117 

deutoxideof,  118 
perhydrochlorate  of,40 1 
pemitrate  of,  401 
peroxide  erf*,  118 
persulphate  of,  401 
protoxide  of,  118 

Rochelle  salt,  320 

Rosin,  504 

Rust  of  iron,  358 

S 
Saccharine  acid,  251 


Saccharine  matter,  animal,  530 

Saclactic  acid,  261 

Saffron,  colouring  matter  of,  485 

of  mars,  71 
Sagapenum,  510 
Sa^,  chemical  nature  of,  496 
Saint  Ignatius's  bean,  poisonous 

principle     of, 
491 
Sal  alembroth,  288 
ammoniac,  287 

fixed,  59 
secret,  288 
de  duobus,  296 
polychrestns,  296, 297 
Salinable  bases,  149 

alkaline,  149 

table  oC 
180 
as  animal  consti- 
tuents, 534 
earthy,  168 

table    of, 
181 
neither    alkaline 
nor  earthy,  177 
neither    alkaline 
nor  earthy,  ta- 
ble of,  182, 183 
present  in  animal 
substances,  588 
present  in  plants, 
515 
Saliva,  550 

Salop,  chemical  nature  of,  496 
Salt,  calcareous  marine,  59 
common,  55 

yields  carbonate  of 
soda  by  chemicaj 
decomposition, 
313 
digestive,  52 
diuretic,  307 
Epsom,  338 
febrifuge,  52 
fusible,  of  urine,  319 
Glauber's,  311 
microcosmic,  319 
narcotic,  215 
of  amber,  254 
of  benzoin,  260 
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Salt,  of  lemons,  essential,  306 
of  Seignette,  320 
of  steel,  355 
of  wood -sorrel,  306 
petre,  999 
regenerated  sea,  52 
Rochelle,  320 
sea,  55 
sedative,  215 
wonderful  perlated,  317 
Salts,  286 

Salts  of  alumina,  346 
ammonia,  287 
barjtes,  331 
fflucina,  344 
nnie,  323 
lithia,  322 
.magnesia,  338 
oxidized  antimony,  403 
bismuth,  386 
cerium,  367 
cobalt,  364 
copper,  381 
gold,  397 
iridium,  402 
iron,  353 
lead,  374 
manganese,  365 
mercurj,  387 
nickel,  363 
osmium,  402 
palladium,  400 
platinum,  399 
rhodium,  401 
silver,  394 
tellurium,  408 
tin.  379 
titanium,  402 
uranium,  368 
zinc,  369 
potash,  294 
silica,  353 
soda,  310 
strontian,  335 
thonna,  352 
yttria,  343 
zirconia,  351 
present  in  animal  substan- 
ces, 587 
Sarcocoll,  482 
Saturnine  ointment,  S77 


Scaromonj,  510 
^'cheele's  green,  384 
Scheelium,  40 
Scillitin,  486 

Sea  water,  analysis  of,  471 
Secretion,  594  ( 

gastric,  551 
pancreatic,  553 
Secretions,  excrementitiouSf  595 
Selenic  acid,  204 
Selenite,  324 
Selenium,  43 
Semen,  565 
Senna,  extractive  is  present  io, 

488 
Serum  of  the  blood,  547 
Silica,  174 

composition  of,  176 

forms  glass  with  potash  of 
soda,  175 

plants  containing,  517 
Silicated  fluoric  acid,  239 
Silicofluoric  acid,  239 
Silicum,  66 
Silver,  108 

arsenite  of,  396 

chlorate  of,  394 

chloride  of,  109 

coin,  110 

fluate  of,  396 

fulminating,  152 

horn,  109 

hydrofluate  of,  396 

hyperoxy muriate  of,  394 

iodate  of,  394 

iodide  of,  110 

muriate  of,  109 

nitrale  of,  395 

surgical  and  me 
dical  uses  of 
395,  396 

oxide  of,  109 

phosphuret  of,  110 

sulphate  of,  394 

sulphuret  of,  110 
Sinovia,  557 

Size,  chemical  nature  of,  522 
Skim -milk,  composition  of,  568 
Skin,  538 

true,   chemical   nature  of 

539 
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doap«  hard,  4£3 

of  ammonia,  423 

of  potash,  424 

of  soda,  423 

soft,  424 
iSoaps,  422 
Soda,  158 

acetate  of,  320 

am monio- phosphate  of,  319 

-and-iroD,  prussiate  of,  319 

animal  substances  contain- 
ing, 585 

bicarbonate  of,  3 1 6 

bicarbonate  of,  medical  pro- 
perties of,  in  solution,  316 

biphosphate  of,  319 

borate  of,  317 

carbonate  of,  312 

carbonate  of,  medical  pro- 
perties of,  315 

carbonate  of,  properties  of, 
315 

chlorate  of,  310 

composition  of,  159 

dried  carbonate  of,  is  offici- 
nal, 315 

ferrocyanate  of,  319 

fluateof,319 

fluosilicate  of,  319 

hjdriodate  of,  310 

hjdrofluate  of,  319 

h  jdroguretted  suiphuret  of, 
312 

hjdrosulphate  of,  311 

hydrosulphite  of,  312 

hjdrosulphuretof,  311 

lijperoxymuriate  of,  310 

ioaate  of,  310 

muriate  of,  55 

nitrate  of,  312 

phosphate  of,  317 

medical     pro- 
perties of,3 18 

plants  containing,  516 

silicofluate  of,  319 

soap  of,  423 

subborate  of,  316 

medical    uses 
of,  317 

sulphate  of,  311 


Soda,  sulphate  of,  medical  proper- 
ties of,  311 
sulphate  of,  yields   carbo- 
nate of  soda,  by  chemical 
decomposition,  314 
sulphocyanate  of,  319 
tartrate  of,  320 
triple  prussiate  of^319 
urate  of,  319 
Sodium,  54 

chloride  of,  55 
chloride  of,  animal  sub- 
stances containing,  586 
chloride  of,yields^  carbo- 
nate of  soda,  by  chemi- 
cal decomposition,  31-3 
peroxide  ol,  55 
phosphuret  of,  57 
suiphuret  of,  58 
Solder,  plumper's,  95 
Soluble  tartar,  308 
;  Sorbic  acid,  253 
Spar,  Derbyshire,  328 
fluor,  328 
ponderous,  331 
Specinc  gravities   of  the  unde- 
compounded  bodies,  ta- 
ble of,  139 
Spermaceti,  422 
Spirit  of  Miudererus,  293 
nitre,  208 
sea  salt,  186 
wine,  409 
pyrp-acetic,  257 
Squill,  bitter  principle  of,  486 
Starch,  494 

how  converted  into  su- 
gar, 481 
Steam,  heat  becomes  non-distri- 
butable in,  451 
Stearin,  421 
Steel,  72 

blistered,  74 
cast,  74 
natural,  73 
salt  of,  355 
Stone,  Bologna,  332 
Storax,  508 
*Strontian,  165 

carbonate  of,  336 
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StroiitiaB>  chlorate  oU  355 
chloride  of»  166 
ferrocjanate  of,  337 
fluate  of»  337 
hjdrate  of»  166 
hydriodate  of,  335 
hjdrofloate  of,  337 
hjperozjmuriate  of, 

335 
iodate  of,  335 
muriate  of,  62 
nitrate  of,  336 
sulphate  of,  335 
tri^  pnistiate  of,  337 

Stcpntium,  6a 

chloride  of,  63 
peroxide  of,  62 
atrychnin,  491 

action  oU  on  the  ani- 
mal economj,  492 
Suber,  513 
Suberic  acid,  £70 
Sublimate,  corrotiye,  105 
Subeulphate  of  mercury,  yellow, 

389 
Succinic  acid,  354 
Sugar,  480 

acid  of,  251 

of  diabetic  urine,  530 

of  lead,  377 

of  milk,  530 

acid  of  the,  261 
of  Saturn,  377 
Sulphocjanic  acid,  242 
Sulphur,  32 

animal  substances  con- 
taining, 585 
chloride  of,  33 
golden,  405 
hjdroguretted,  204 
iodide  of,  33 
liver  of,  157 
Sulphuretted  chyazic  acid,  242 

hydrogen,  202 
Sulphuric  acid,  196 
Sulphurous  acid,  200 
Sulphurous  salt  of  Stahl,  297 
ISupersulphate  of  alumina-and- 

ammonia,  346 
of  alumina-and- 


potash. 


346 


Sapersalphuretted  hydnwen,  804 
Supertartrtte  of  potmsk,  §07 
Supporters  o'f  combostiDii*  taUt 

of,  131 
of  combvttioii,  ande- 

compounded,  4 
Sweat,  563 
Sweet  spirit  tf  nitre,  416 


Tacamahac,  504 
Tannin,  478 

artificial,  479 
Tantalum,  48 
Tartar,  307 

antimoniated,  406^ 
chalybeated,  361 
cream  of,  307 
crystals  of,  307 
emetic,  406 
salt  of,  301 
soluble,  308 
vitriolated,  896 
Tartaric  acid,  358 
Tartarized  antuMor,  406 
iron,  361 

vegetable  alkali,  808 
Tartrate  of  potash-aad-ooda,  320 
Tartrite  of  antimony,  406 

potash,  308 
Tears,  554 

Teeth,  chemical  nature  of,  536 
Telluric  acid,  206 
Tellurium,  48 

chloride  of,  49 
oxide  of,  49 
sulphuret  of,  50 
Temperature,  equality  of,  explain 

ed,  445 
Tendon,  540 

Thermometer,  Celaius's,  455 

common,  454 
De  Lisle's,  455 
Vahrenheit'S,  454 
Leslie's,  455 
Reaumur's,  455 
Thorina,  173 

carbonate  of,  352 
hydrochlorate  of,  35^1 
muriate  of,  352 
nitrate  of,  352 
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Tfaorina»  sulphate  of.  55S 
'jrhorinum,  66 
Tin,  91 

ammomo-pernitrate  of,  380 
bisulphuret  of^  94 
fluate  of,  380 
hydrochlorate  of,  379 
medical  uses  of,  95 
muriate  of,  379 
nitrate  of,  380 
oxymuriate  of,  93 
perchloride  of,  93 
perhjdrochlorate  of,  379 
perhydrofluate  of,  380 
permuriate  of,  379 
peroxide  of,  92 
persulphate  of,  380 
phosphuret  of,  94 
plate,  95 

protochloride  of,  93 
protoxide  of,  92 
sulphate  of,  379 
sulphuret  of,  94 
Tincai,  316 
Tincture  of  acetated  iron,  361 
muriated  iron,  354 
Titanium,  120 

dentoxide  of,  121 
muriate  of,  402 
percarbonate  of,  403 
perhydrochlorate    of, 

402 

pemitrate  of,  403 
peroxide  of,  121 
protoxide  of,  121 
sulphate  of,  403 
Tobacco,  characteristic  principle 

of,  487 
Trona,  316 
Tungsten,  40, 328 

oxide  of,  41 
sulphuret  of»  41 
Tungstic  acid,  225 
Turner's  oerate,  372 
Turpeth  minend,  389 
Tutty,  85 

U 
Ulmin,  484 

Vnrespirable  gases,  592 
Unsalifiable  compounds,  409 


Uranium,  83 

hydrochlorate  of,  368 
muriate  of,  368 
nitrate  of,  368 
peroxide  of,  83 
protoxide  of,  83 
subnitrate  of,  369 
sulphate  of,  368 
Urea,  528,  584 
Uric  acid,  247 
Urine,  558 

composition  of,  561 
diseased  states  of,  562 
pink-coloured  sediment  of, 
562 


Vapour  of  water,  as  a  constituent 
of  the  atmosphere,  468 
Varec,  313 

Varnish  of  leaves,  501 
Vegetable  acids,  477 

alkali,  caustic,  154 
mild,  301 
tartarized,  308 
yitriolated,  296 
chemistry,  476 
Vegetables,  proximate  constitu- 
ents of,  476 
ultimate      constitu- 
ents of,  518 
Verdigris,  medical  uses  oi,  385 
preparation  of,  384 
Vermilion,  107 

Vinegar,  chemical  nature  of,  255 
medical  uses  of,  258 
of  lead,  378 
properties  of,  jt56 
radical,  255 
Vitriol,  blue,  382 
green,  355 
oil  of,  197 
white,  370 
Vitriolated  ammoniac,  288 
copper,  382 
fossil  alkali,  311 
iron,  355 
magnesia,  338 
natron,  311 
zinc,  370 
Vitriolic  acid,  197 
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